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THE DATA PATHS OF THE F-3 ARE. EXCEPT WHERE NOTED. 
36 BITS WIDE. THE CENTRAL PART OF THE DATA PATHS IS 
A 2901. WHICH CONTAINS AN ARRAY OF 16 REGISTERS, AN ALU, 
•ARITHMETIC-LOGIC UNIT), A TEMPORARY REGISTER CALLED Qtj 
AND SOME CONTROL LOGIC. THE 2901 HAS A DATA OUTPUT WHICH 
IS CALLED THE "OBUS", AND WHICH IS THE MAIN DATA BUS INi 
THE F-3 FROM WHICH REGISTERS GET LOADED; IT ALSO HAS A.I 
DATA INPUT. IN THE F-3 THE 16 REGISTERS ARE USED AS 
THE AC'S. 

THE ALU IN THE 2901 IS CAPABLE OF TAKING TWO WORDS 
AND PERFORMING ONE OF EIGHT OPERATIONS ON THEM, THE 
RESULT OF WHICH IS lUSUALLYt PLACED ON THE OBUS. AND MAY 
ALSO BE LOADED INTO ONE OF THE 16 AC REGISTERS OR THE 
Q REGISTER. (IN AODITION. THE RESULT MAY BE SHIFTED LEFT 
OR RIGHT BY ONE AS IT IS STORED INTO A REGISTER. ALSO, 
THE REGISTER CAN BE CAUSED TO SHIFT BY ONE). THE EIGHTi 
OPERATIONS ARE: ADD, SUBTRACT, SUBTRACT- IN-THE-OTHER-ORDER. 
OR. AND, XOR. EQUIVALENCE, AND-WITH-ONE-OPERAND-INVERTED. ' 
THE TWO OPERANDS MAY COME FROM THE AC REGISTERS, THE REGISTER, 
OR THE DATA INPUT* OR ONE OF THEM MAY BE 0. SO, FOR EXAMPLE, 
ONE CAN ADD THE CONTENTS OF THE REGISTER TO THE DATA ON THE 
DATA INPUT, AND PUT THE RESULT BACK INTO Q, OR INTO ONE OF 
THE AC'S. THE RESULT COULD ALSO BE LOADED INTO ONE OR 
MORE OF THE EXTERNAL REGISTERS CONNECTED TO THE OBUS. 

THE DATA INPUT OF THE 2901 CAN COME FROM ANY OF 
NINE SOURCES (DETAILED BELOW! . THE SELECTED SOURCE CAN 
BE ROTATED AND MASKED BEFORE GOING INTO THE 1901 DATA 
INPUT. THE ROTATION IS A 36-BIT LEFT ROTATE OF ANY 
AMOUNT FROM TO 35 BITS. THE AMOUNT IS SPECIFIEO IN 
THE MICRO-CODE, OR THE MICRO-CODE CAN SPECIFY THAT THE 
ROTATE AMOUNT SHOULO COME FROM A SPECIAL REGISTER FOR 
THAT PURPOSE. AFTER THE WORD HAS BEEN ROTATED, IT CAN 
BE MASKED. MASKING CONSISTS OF "AND"ING THE WORD WITH 
A MASK WORD WHICH HAS "M» LOW ORDER BITS ON ( 1 > AND 
"36-M" HIGH ORDER BITS OFF (0). "M», THE MASK-SIZE, 
CAN BE ANY NUMBER FROM TO 36, AND IS SPECIFIED IN 
THE MICRO-CODE, OR THE MICRO-CODE CAN SPECIFY THAT THE 
MASK SIZE SHOULD COME FROM A SPECIAL REGISTER FOR THAT 
PURPOSE. 

ONE OF THE NINE SOURCES OF DATA IS AN ARRAY OF 256 
WOROS (36-BITS EACHI CALLED THE "A-MEM". THE OTHER EIGHT 
SOURCES ARE: THE »AR» REGISTER (SEE BELOW), MEMORY DATA 
(SEE UNOER "MEMORY-ACCESS" >, THE MASK WORD, THE CONSTANT 
WORD (SEE BELOW), A WORD WITH THE "PC" REGISTER IN THE 
RIGHT HALF ANO FLAG REGISTER IN THE LEFT HALF, THE "MA" 
REGISTER (RIGHT HALF ONLY), I/O DATA, AND THE "IR" REGISTER. 

IF THE MASK WORD OR THE CONSTANT WORD IS SELECTED, 
MASKING DOES NOT HAPPEN. CONSEQUENTLY, A MASK WORD OF, 
SAY, SEVEN BITS CAN BE SELECTED, AND THEN ROTATED BY SIX 
BITS, AND THE RESULTING 2901 INPUT WOULD BE 17700 (OCTAL). 
THE CONSTANT IS ALSO UNMASKED, ANO CAN BE ANY SIX-BIT 
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NUMBER t4fc THE NUMBER 1**1 (1 IN LOW-ORDER BIT OF EACH 
HALF-WOBlr. THE CONSTANT CAN ALSO BE ROTATED. 



fflk ARE A NUMBER OF EXTERNAL REGISTERS. EACH OF 
WHICH Va SPECIAL PURPOSE. THE "AR« IS A 36-BIT 
REGISTER WHICH CAN BE LOADED FROM THE O-BUS ON ANY CYCLE. 
AND WHICH HAS SEVERAL SPECIAL PURPOSES. THERE IS A 
COMPARATOR WHICH COMPARES THE MAGNITUOE OF THE HIGH- 
ORDER 6 BITS OF THE "AR" WITH THE NEXT LOWER 6 BITS. 
ALSO. THE AR (LOW ORDER 16 BITS) HOLDS THE MICRO-MEMORY 
ADDRESS WHEN STORING INTO MICRO-MEMORY. 

THE "PC" IS AN 18-BIT REGISTER WHICH IS ALSO A COUNTER. 
IT CAN BE CAUSED TO INCREMENT BY 1 ON CERTAIN CYCLES. 

TWO REGISTERS WHICH ARE INVOLVED IN MAIN-MEMORY 
ACCESS ARE THE "MA" AND "HOLO". IN GENERAL. THE "MA" 
CWHICH IS 18 BITS WIDE» HAS THE MEMORY-ADDRESS OF THE 
LOCATION BEING REFERENCED. AND THE "HOLD" CWHICH IS 36-BITS 
WIDE! HOLDS THE DATA BEING STORED ON WRITES. NOTE THAT 
THE MA MAY BE LOADED EITHER FROM THE O-BUS, OR DIRECTLY FROM 
THE PC. MEMORY ACCESS IS COVERED IN MORE DETAIL LATER. 

THE "IR" IS A 36-BIT REGISTER WHICH IS INTENDED TO HOLD 
THE INSTRUCTION BEING EXECUTED. ITS LEFT HALF. WHICH HAS 
SOME DECODING LOGIC ATTACHED. IS LOADED DIRECTLY FROM THE 
IN-COMING MEMORY DATA. RATHER THAN FROM THE O-BUS (TO SAVE 
TIMF.II WHILE THE RIGHT HALF IS LOADED FROM THE RIGHT HALF 
OF THE O-BUS. THE IR MAY BE LOADED IN PARTS. THE OPTIONS 
ARE: LOAD THE WHOLE IR (36 BITS). LOAD BITS 13 THRU 35 (23 
BITS). OR LOAD ONLY BITS 18-35 (18 BITS). 

THE FLAG. OR CRYOV. REGISTER IS AN 18-BIT REGISTER 
LOADED FROM THE LEFT HALF OF THE O-BUS. EXCEPT THAT BIT 10 
AND BITS 13 THRU 17 ARE MISSING. SEVERAL OF ITS BITS HAVE 
SPECIAL PURPOSES. 

THE "ROT SIZE" REGISTER IS A SIX-BIT REGISTER LOADED 
FROM THE LOW-ORDER 6 BITS OF THE OBUS. WHICH. UNDER MICRO-CODE 
CONTROL. CAN SUPPLY THE ROTATE AMOUNT. (0 TO 35 BIT LEFT ROTATE), 

THE "MASK SIZE" REGISTER IS A SIX-BIT REGISTER LOADED 
FROM THE LOW-ORDER 6 BITS OF THE OBUS. WHICH. UNDER MICRO-CODE 
CONTROL. CAN SUPPLY THE MASK SIZE. (0 TO 36 BITS. SEE ABOVE). 

THE "AC-SEL" REGISTER IS A FOUR-BIT REGISTER LOADED 
FROM THE LOW-ORDER 4 BITS OF THE OBUS. WHICH. UNDER MICRO-CODE 
CONTROL. CAN SUPPLY THE NUMBER (ADDRESS) OF THE AC (IN THE 
2901) TO BE ACCESSED. THE AC-SEL REGISTER CAN ALSO BE USED 
TO SUPPLY THE LOW-ORDER 4 ADDRESS BITS FOR THE A-MEM (SEE BELOW) 
AND ALSO CAN BE CAUSED TO INCREMENT BY ONE UNDER MICRO-CODE 
CONTROL. 

THE "OEV-ADR" REGISTER IS A FIVE-BIT REGISTER LOADED 
FROM THE LOW-ORDER 5 BITS OF THE OBUS. WHICH HOLDS (USUALLYI 
THE NUMBER OF THE I/O DEVICE BEING TALKEO TO. IT ALSO CAN 
SUPPLY THE HIGH-ORDER 5 BITS OF A-MEM ADDRESS. 

THE "MAP-DISP" REGISTER IS COVERED IN THE MAP SECTION. 

THE "IOD" REGISTER HOLDS OATA WHICH IS TO BE SENT TO 
AN I/O DEVICE DURING A NORMAL (NON-DMA) I/O TRANSFER. 

THE "HI-ABS-MA" IS USED TO SUPPLY HIGH-ORDER MEMORY 
ADDRESS BITS WHEN THE MAP IS NOT IN USE. IT IS LOAOED FROM 
BITS 14-17 OF THE OBUS. AND IS DISCUSSED IN MORE DETAIL IN 
THE MAP SECTION. 

THE "MAP-EXEC-SR" IS DISCUSSED IN THE MAP SECTION. 



MAIN hBv ACCESS: 

EVERY TIME THE MA IS LOADED, THE MAIN MEMORY DOES A 
READ CYCLE ON THE FOLLOWING CYCLEi AND THE DATA FROM THAT 
REAO WILL BE AVAILABLE AT THE BEGINING OF THE CYCLE FOLLOWING 
THE READ CYCLE. THE DATA IS ACCESSED BY SELECTING "MEMORY 
DATA" AS THE EXTERNAL SOURCE. THE ONLY EXCEPTIONS TO THE 
REAO CYCLE ARE: IF "STRT-WRT" IS SPECIFIEO AS AN ADDITIONAL 
DESTINATION A WRITE CYCLE IS DONE INSTEAD OF A READ; AND 
IF THE MAP IS TURNED ON. BUT NOT VALID FOR THE MA ADDRESS. 
THE CYCLE IS PREVENTED. NOTE THAT THE MA MAY BE LOADED 
EITHER FROM THE O-BUS OR DIRECTLY FROM THE PC (WHILE THE 
O-BUS IS BEING USED FOR SOMETHING ELSE). 

OATA TO BE STORED ON WRITES IS ALWAYS TAKEN FROM THE 
"HOLD" REGISTER. THERE ARE THREE DESTINATION DESIGNATIONS 
RELEVANT FOR WRITING: "STRT-WRT", "HOLD". ANO "MEM-STO". 
DESTINATION "MEM-STO" CAUSES THE HOLD REGISTER TO BE LOADED 
FROM THE O-BUS. AND A MAIN MEMORY WRITE CYCLE TO BE TAKEN 
ON THE FOLLOWING CYCLE. "HOLD" CAUSES THE HOLD REGISTER 
TO BE LOADED. BUT NO CYCLE TO BE TAKEN. "STRT-WRT" CAUSES 
A WRITE CYCLE TO BE TAKEN ON THE NEXT CYCLE. BUT THE HOLD 
REGISTER IS UNCHANGEO. 

WHENEVER THE HOLD REGISTER IS LOADED, (BY DESTINATION 
"HOLD" OR "MEM-STO" » ITS OUTPUT IS SELECTED AS THE "MEMORY 
OATA" WHICH IS SEEN WHENEVER THE "MEMORY OATA" IS SELECTED 
FOR THE EXTERNAL DATA SOURCE. THIS CONDITION PERSISTS 
UNTIL THE NEXT TIME THE MA IS LOAOEO, WHEN THE SELECTOR 
GOES BACK TO LOOKING AT THE OATA COMING IN FROM MAIN MEMORY. 
BASICALLY, THIS MEANS THAT ANY TIME A WRITE IS DONE, SELECTING 
"MEMORY DATA" WILL GET THE OATA THAT WAS JUST STORED — 
UNTIL THE MA IS LOADED WITH A NEW ADDRESS AND A NEW REAO 
CYCLE HAPPENS. ALSO. IT MEANS THAT DATA GENERATED IN THE 
2901 CAN "PRETEND" IT IS COMING IN FROM MEMORY. BY BEING 
PLACED IN THE HOLD REGISTER (VERY HANDY FOR ACCESSING 
AC'S AS IF THEY WERE MEMORY*. ADDITIONALLY. THE HOLD REGISTER 
CAN BE USED FOR TEMPORARY STORAGE. 
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MAP: 

FOR MAPPING PURPOSES. ALL MEMORY ADDRESSES ARE DIVIDED 
INTO TWO PARTS. THE LOW-ORDER NINE BITS DO NOT GET MAPPED 
AND ARE SENT DIRECTLY TO MEMORY. IF THE MAP IS ENABLED* 
THE HIGH ORDER NINE BITS. REFEREO TO AS THE VIRTUAL PAGE 
NUMBER. GET MAPPED BY SUBSTITUTION OF A NEW. OR PHYSICAL. 
PAGE NUMBER* WHICH IS OBTAINED BY TABLE LOOK-UP. THE PROCESS 
CONSISTS OF SIMPLY INDEXING INTO THE MAP TABLE BY THE 
VIRTUAL PAGE NUMBER TO ACQUIRE THE PHYSICAL PAGE NUMBER 
• WHICH MAY BE UP TO 13 BITS LONG I I THEN THE PHYSICAL PAGE 
NUMBER. CONCATENATED WITH THE ORRIGINAL LOW-ORDER NINE BITS 
ARE THE PHYSICAL ADDRESS SENT TO MEMORY. WHEN THE MAP IS 
NOT ENABLED. THE VIRTUAL PAGE NUMBER IS UNCHANGED AND 
BECOMES THE PHYSICAL PAGE NUMBER. SINCE IT IS ONLY NINE 
BITS LONG. THE CONTENTS OF THE "HI-ABS-MA" REGISTER ARE 
USED AS THE EXTRA FOUR HIGH-ORDER BITS: 

VIRTUAL PAGE # 
NO MAPPING: I HI-ABS-MA I MA 18-26 I MA 27-35 I 
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26 27 
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MAPPING: 



PHYSICAL PAGE NUMBER I MA 27-35 I 
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26 27 
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TlJfclAP HAS TWO COMPLETE, SEPARATE TABLES* ONE FOR 
EXEC MOWV AND ONE FOR USER MODE. IT IS IMPLEMENTED AS A 
SMALL FAST MEMORY WHICH IS IK BY 18 BITS. THE TEN ADDRESS 
BITS ARE THE NINE VIRTUAL PAGE NUMBER BITS IMA 18-26) AND 
THE EXEC MODE BIT (SEE BELOW! . THE 18 "LOOKEO-UP" BITS ARES 
13 PHYSICAL ADDRESS BITS, ONE CURRENTLY UNUSED HIT CALLED 
"CONCEALED PAGE", THREE BITS FOR SEPARATELY ENABLING READ, 
WRITE, AND EXECUTE ACCESSES, AND A VALID BIT. THE VALID 
BIT WITH EACH ENTRY TELLS WHETHER OR NOT THAT ENTRY HAS 
BEEN LOAOED. THERE IS PROVISION IN THE HARDWARE FOR CLEARING 
ALL THE VALID BITS, SO THAT THE MAP CAN BE LOADED ONE ENTRY 
AT A TIME. AS EACH ENTRY IS NEEDED l»OEMANO" LOADING). 
THE THREE ENABLING BITS <WHICH ARE ACTUALLY "DISABLING" BITS) 
ARE COMPARED WITH THE TYPE OF CYCLE BEING REQUESTED TO 
DECIDE WHETHER OR NOT THE ACCESS IS PERMITTED. 

THERE IS ONE MODIFICATION TO THIS GENERAL SCHEME WHICH 
SHOULD BE MENTIONEO HERE. THERE IS A CLASS OF OPERATIONS 
(REPRESENTED IN SOME IMPLEMENTATIONS BY "EXECUTE-MAPPED") 
WHICH REQUIRE ACCESSING MEMORY AS THOUGH IN USER MODE 
(THROUGH THE USER MAP) EVEN THOUGH THE MACHINE IS BASICALLY 
IN EXEC MODE. TO MAKE THIS POSSIBLE. IT IS NOT QUITE THE 
CASE THAT THE EXEC MODE BIT IS USED AS ONE OF THE MAP-MEMORY 
ADDRESS BITS. INSTEAD, THERE IS A 4-BIT SHIFT REGISTER 
CALLED THE "MAP-EXEC-SR", WHOSE OUTPUT IS USED AS THIS 
ADDRESS BIT. THE OUTPUT OF THE "MAP-EXEC-SR" IS, UNLESS 
SPECIAL ACTION IS TAKEN, THE SAME AS THE EXEC BIT. THE 
SPECIAL ACTION IS THE LOADING OF THE "MAP-EXEC-SR". IT IS 
LOADED, FROM O-BUS BITS 23 THRU 26, BY SPECIFYING IT AS 
A DESTINATION. ONES LOADED INTO IT REPRESENT USER MODE, 
AND ZEROS REPRESENT EXEC MODE. THE LOW ORDER BIT (BIT 26) 
IS, IMMEDIATELY UPON LOADING. THE USER/EXEC BIT USED IN 
REFERENCING THE MAP MEMORY, AND SUCCESIVELY HIGHER-ORDER 
BITS ARE SHIFTED INTO THAT POSITION EACH TIME THE 
"MAP-EXEC-SR" SHIFTS. THE "MAP-EXEC-SR" SHIFTS JUST BEFORE 
ANY CYCLE OURING WHICH A MEMORY WRITE CYCLE IS TO BE TAKEN. 
THIS IN GENERAL MEANS THAT THE LOW-ORDER BIT (26) LOADEO 
INTO THE "MAP-EXEC-SR" WILL APPLY TO READ-TYPE REFERENCES. 
AND THE NEXT HI6HER BIT WILL APPLY TO THE FIRST WRITE 
REFERENCE. HIGHER ORDER BITS WOULD APPLY TO SUBSEQUENT 
WRITES. IF ANY. THE "MAP-EXEC-SR" IS RESET TO THE STATE 
INDICATED BY THE REAL EXEC MODE BIT AT THE START OF FETCHING 
THE NEXT INSTRUCTION (MACRO INSTRUCTION), OR ANY TIME THE 
REAL EXEC MODE BIT IS DIRECTLY CHANGED. 



MAP T(( 

ANY TIME AN ILLEGAL OR INVALID MAP ENTRY IS USED* A 
MAP FAULT CONDITION EXISTS. THIS IS HANOLED BY A SPECIAL 
MICRO-CODE TRAP. ON STORES. THE MAP FAULT CONDITION IS TRUE 
DURING THE CYCLE DURING WHICH THE MEMORY ACCESS CYCLE WOULD 
HAVE OCCUREO. IF THE RELEVANT MAP ENTRY IS NOT PRESENT (INVALID! 
OR INDICATES NO WRITE PERMITTED. IF THIS HAPPENS. THE WRITE 
CYCLE IS PREVENTED. AND A MAP-FAULT TRAP IS TAKEN ON THE 
NEXT CYCLE. ON FETCHES. THE DISTINCTION BETWEEN READ AND 
XECUTE IS DETERMINED BY THE "MAPF" FIELO OF THE CURRENT 
MICRO-CODE INSTRUCTION! IF "MAPF" CONTAINS OR 1 . IT IS AN 
XECUTE. OTHERWISE IT IS A REAO. IF THE RELEVANT MAP ENTRY 
IS INVALID. OR HAS THE APPROPRIATE "PREVENT" 8IT ON, THE 
READ CYCLE IS PREVENTED. A MAP FAULT CONDITION OCCURS ONLY 
WHEN THE MICRO-CODE DESTINATION FIELD CONTAINS "FIXMAC-MAPF-RD" 
OR "FIXMAC-MAPF-WRT" AND THE ENTRY IS INVALID OR INDICATES 
CYCLE PREVENTION. THIS CAN BE THE CYCLE DURING WHICH THE 
READ CYCLE WOULD HAVE HAPPENED. OR ANY LATER CYCLE. UNTIL THE 
MA OR THE STATE OF THE MAP ARE CHANGED. A MAP FAULT CONDITION 
OCCURS IF THE OEST FIELD CONTAINS "FIXMAC-MAPF-RD" AND THE 
MAP ENTRY IS INVALID, OR INDICATES READ (XEQUTE) PREVENTS OR 
IF THE DEST FIELD CONTAINS "FIXMAC-MAPF-WRT" AND THE MAP 
ENTRY IS INVALIO. OR INDICATES READ (XECUTE) PREVENT OR 
WRITE PREVENT. THUS. "FIXMAC-MAPF-WRT" IS INTENDED FOR 
FETCHES OF LOCATIONS THAT ARE GOING TO BE RE-WRITTEN. AND 
"FIXMAC-MAPF-RD" FOR FETCHES FROM LOCATIONS WHICH ARE NOT. 

WHEN A MAP-FAULT CONDITION OCCURS. A TRAP IS TAKEN BY 
CAUSING MICRO-CODE CONTROL TO TRANSFER TO A MAP TRAP LOCATION 
ON THE NEXT CYCLE. NOTE THAT THIS IS USUALLY TWO CYCLES 
AFTER THE ONE ON WHICH THE READ OR WRITE WAS INITIATED. THE 
ADDRESS OF THE TRAP LOCATION IS FORMED AS FOLLOWS. THE LOW- 
ORDER TWO BITS ARE 0. THE NEXT FOUR COME DIRECTLY FROM THE 
"MAPF" FIELD IN THE CURRENT MICRO-CODE WORD. ThE NEXT BIT 
IS 1. THE NEXT THREE ARE 0. AND THE HIGH-ORDER SIX COME FROM 
THE "MAP-DISP" REGISTER. SOME EXAMPLES! 

MAP OISP REG. MAPF FIELO RESULTING TRAP LOCATION 

100 

1 104 

7 134 

1 2100 
3 16 6170 
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INPUT/d^^UT: 

FOR THE PURPOSE OF ATTACHING INPUT/OUTPUT DEVICES TO THE 
F-3. THERE IS A STRUCTURE CALLEO THE F-8US. THE F-BUS IS 
USED BOTH FOR TRANSFERING DATA (OR COMMANOS OR STATUS! ONE 
WORD AT A TIME THROUGH THE CPU HOTS). AND FOR DIRECT MEMORY 
ACCESS (DMA) IN WHICH THE DEVICE TRANSFERS DIRECTLY TO OR 
FROM THE MAIN MEMORY. 

THE F-BUS CONSISTS OF A BUNCH OF WIRES ON THE BACK-PANEL 
WHICH ARE WIRED IN PARALLEL TO ALL THE SLOTS INTO WHICH I/O 
CARDS CAN BE PLUGGED. THERE ARE 36 DATA LINES. WHICH ARE 
BI-DIRECTIONAL AND WHICH ARE USED FOR BOTH IOTS AND DMA. 
THERE ARE FIVE OEV ICE-ADDRESS LINES. WHICH ARE USEO FOR IOTS. 
TO TELL THE DEVICES WHICH ONE THE CPU IS DOING THE IOT TO. 
THERE ARE FIVE INTERRUPT-AODRESS LINES. WHICH TELL THE CPU 
WHICH DEVICE IS TRYING TO INTERRUPT. THERE ARE 22 I/O 
ADDRESS LINES. WHICH TELL THE MAIN MEMORY. OURRING DMA 
TRANSFERS. WHICH MEMORY ADDRESS IS BEING REFERENCED. AND 
THERE ARE A NUMBER OF CONTROL LINES. 

IOTS ARE INITIATED BY MICRO-CODE INSTRUCTIONS WHICH 
HAVE "IOB-OUT" OR "IOB-IN" IN THE "SPECIAL FUNCTION" FIELD. 
WHEN THIS OCCURS. THE TRANSFER TAKES PLACE ON THE CYCLE 
FOLLOWING. IN THE CASE OF "IOB-OUT", THE DATA IN THE IOD 
REGISTER IS PLACEO ON THE F-BUS DATA LINES. AND. AT THE 
END OF THE CYCLE. "IOB OUT STB" IS SENT AND THE DEVICE WHOSE 
ADDRESS IS IN THE DEV-ADR REGISTER WILL STROBE THE DATA. 
IN THE CASE OF "IOB-IN", "IOB ORV IN" WILL BE SENT DURING 
THE WHOLE CYCLE. WHICH CAUSES THE ADDRESSED DEVICE TO PLACE 
ITS DATA ON THE F-BUS DATA LINES. WHERE THE CPU SEES IT BY 
SELECTING I/O DATA AS EXTERNAL SOURCE. IN ADDITION TO ALL 
THIS. THE FOUR BITS OF THE "MAPF" FIELD IN THE MICRO-CODE 
INSTRUCTION (THE ONE FOLLOWING THE ONE WITH "IOB-IN" OR 
"IOB-OUT'M ARE DRIVEN ONTO FOUR "SUB-SEL" LINES OF THE 
F-BUS. AND MAY BE USEO BY DEVICES TO DISTINGUISH INTENDED 
SOURCES OR DESTINATIONS WITHIN THE DEVICE. 

INTERRUPTS FROM DEVICES ARE HANDLED AS A SPECIAL CASE 
OF OPCODE DISPATCHING. THERE IS A COMMON "INT RQ" LINE. 
WHICH IS DRIVEN LOW (OPEN COLLECTOR! BY ANY DEVICE WANTING 
AN INTERRUPT! AND THERE IS A OAISY-CHAINEO "INT IT»S YOU" 
LINE TO ESTABLISH A PRIORITY FOR WHEN MORE THAN ONE OEVICE 
REQUESTS AT THE SAME TIME.. THE INTERRUPTING DEVICE SENDS 
ITS ADDRESS ON THE "INT ADR" LINES. AND. AFTER SYNCHRONIZATION, 
THE NEXT OISPATCH WILL GO TO THE INTERRUPT LOCATION, ANO 
THE "INT ADR" LINES WILL BE TURNED AROUND AND SENT OUT ON 
THE "OEV ADR" LINES, SO IOTS WILL REFER TO THE INTERRUPTING 
ADDRESS. AND A-MEM REFERENCES WILL REFER TO THE BLOCK OF 
EIGHT LOCATIONS ASSOCIATEO WITH THAT OEVICE. THERE IS MORE 
ABOUT THIS IN THE DISPATCH SECTION. 

DMA CYCLES ARE INITIATED BY THE DEVICE DRIVING THE 
COMMON (OPEN COLLECTOR) "DMA RQ" LINE. THERE IS ALSO A 
DAISY-CHAINED "BUS IT'S YOU" LINE WHICH ESTABLISHES A PRIORITY. 
THE HIGHEST PRIORITY REQUESTING DEVICE PLACES THE MEMORY 
ADDRESS OF THE WORD IT WISHES TO ACCESS. AND EITHER "DMA 
READ RQ" OR "DMA WRT RQ" ON THE APPROPRIATE F-BUS LINES 
(TRI-STATEI. AFTER THE RQ LINE HAS BEEN SYNCHRONIZED. AND 
WHEN THE MEMORY CONTROL DECIDES IT CAN DO A DMA CYCLE. IT 



DOES ^■APPROPRIATE TYPE OF MEMORY CYCLE. TO THE LOCATION 
WHOSE TTORESS IS ON THE F-BUS ADORESS LINES. IF IT IS A 
WRITE. IT SENOS "BUS ENABLE WRT DATA" DURING THE CYCLE. WHICH 
CAUSES THE DEVICE TO PUT ITS DATA ON THE F-BUS DATA LINES. 
IF IT IS A READ. IT LATCHES THE DATA AND SENDS "BUS READ 
SECOND CY STB" DURING THE NEXT CYCLE. WHICH CAUSES THE DEVICE 
TO STROBE THE DATA FROM THE F-BUS. 
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A-MEM^ 

PLEASE NOTE! THE A-MEM CAN NOT BE READ FROM AND WRITTEN INTO 
ON THE SAME CYCLE! 

THE A-MEM IS A SMALL MEMORY IN THE CPU WHICH IS 2S6 WORDS 
BY 36 BITS; IT THEREFORE HAS EIGHT AOORESS BITS. THE A-MEM 
IS ACCESSED AS AN EXTERNAL DATA SOURCE. AND ITS DATA CAN 
THEREFORE BE ROTATED AND MASKED. IT IS STORED INTO FROM 
THE O-BUS. ACCESS TO THE A-MEM IS CONTROLLED BY COMBINATIONS 
OF THINGS IN THE EXT-SOURCE. DESTINATION. AND SPECIAL-FUNCTION 
FIELDS IN THE MICRO-CODE WORD. 

PLEASE NOTE: THE A-MEM CAN NOT BE READ FROM AND WRITTEN INTO 
ON THE SAME CYCLE! 

THERE ARE A NUMBER OF OPTIONS FOR THE SOURCE OF THE 
EIGHT ADDRESS BITS FOR THE A-MEM. IN THE USUAL CASE. THE 
HIGH-ORDER FIVE BITS COME FROM THE F-BUS DEVICE ADDRESS. 
WHICH COMES EITHER FROM THE OEV-ADR REGISTER OR THE F-BUS 
INTERRUPT ADDRESS LINES (SEE I/O SECTION*. HENCE. THE 
HIGH-OkOER FIVE BITS ARE. IN THE USUAL CASE. THE NUMBER OF 
THE I/O DEVICE CURRENTLY BEING THOUGHT ABOUT. THE LOW- 
ORDER THREE BITS. IN THE USUAL CASE. COME FROM EITHER THE 
LOW-OROER THREE BITS OF THE EXT-SRC FIELO (FETCHING! . OR 
THE LOW-OROER THREE BITS OF THE DEST FIELD (STORING*. ANOTHER 
OPTION IS TO FORCE THE HIGH-ORDER FIVE BITS TO BE 0, WITH 
THE LOW ORDER THREE AS ABOVE ("SPEC I A-MEM-APR ] ») . THE 
FINAL OPTION IS TO HAVE THE HIGH-ORDER FOUR (NOTE! — FOUR) 
bITS COME FROM THE HIGH-OROER FOUR BITS OF THE F-BUS OEVICE 
ADDRESS. OR BE 0. AS IN THE FIRST TWO EXAMPLESI ANO THE LOW- 
ORDER FOUR (NOTE! — FOUR1 BITS COME FROM THE "AC-SEL" 
REGISTER. WHICH IS ALSO A COUNTER. THE PURPOSE OF THIS IS 
TO ALLOW TRANSFER ING ALL OF THE AC'S TO OR FROM A 16 WORO 
BLOCK OF THE A-MEM WITH A SHORT AND SIMPLE MICRO-CODE LOOP. 

PLEASE NOTE: THE A-MEM CAN NOT BE READ FROM ANO WRITTEN INTO 
ON THE SAME CYCLE! 
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CONTH^p.0GfC — GENERAL FEATURES 

CLOCKS & CYCLE LENGTH 

THE BASIC (MINOR) CLOCK PERIOD IS 50 NANO-SECONDS. THE 
LENGTH OF EACH CYCLE IS CONTROLLED BY THE MICRO-CODE OCCASIONALLY 
OVERRIDDEN BY SOME LOGIC) AND IS A MULTIPLE OF 50 NANO-SECONDS. 
THE SHORTEST CYCLE WHICH CAN BE SPECIFIED IS 300 NANO-SECONDS. 
AND THE SHORTEST WHICH IS USEFUL IS 350 NANO-SECONDS. MOST 
CYCLES ARE 400 NANO-SECONDS OR LONGER. 400 IS THE SHORTEST 
FOR CYCLES ON WHICH MEMORY CYCLES HAPPEN. THE CYCLE LENGTH 
IS SPECIFIED BY THE "CY-LEN" FIELD IN THE MICRO-CODE. THIS 
IS OVERRIDDEN FOR DMA CYCLES. WHICH ARE FORCED TO BE THE 
LONGER OF 550 NANO-SECONDS ANO WHATEVER IS SPECIFIED BY THE 
MICRO-C00E. 

BUS CONTROL 6. LOCK-OUT 
DISPATCHES. INTERRUPTS, I/O STUFF 
<ECC & AR INT 6. SWITCHES) 
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PLAN ^^.TTACK — MICRO-CODING 

GENERAL "SIMPLE" INSTRUCTION PLAN IAOD. AND. XO«) 

JUMPS 

MUL. OIV 

IOTS 

LIGHTS & SWITCHES 
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ORAWlj^kANO CARDS — WHAT'S WHERE 

THERE ARE EIGHT CARDS IN AN F-3 CPU, PLUS UP TO EIGHT 
MAIN-MEMORY CARDS* AND A NUMBER OF I/O CONTROLLER CARDS 
WHICH DEPENOS ON THE I/O CONFIGURATION. THE EIGHT CPU CARDS 
ARE: THREE BIT-SLICE BOAPDS (BSO, BS12, BS24), THREE CONTROL 
LOGIC BOARDS (CON1. COM2. C0N3I , A MEMORY CONTROL AND MAP 
BOARD (MAP). AND A MICRO-CODE MEMORY BOARD (MUM OR MUMl). 

THE ONLY DIFFERENCE BETWEEN THE MUM AND MUM1 BOARDS IS 
THE TYPE OF MEMORY CHIP USED TO IMPLEMENT THE MICRO-CODE 
MEMORY. EITHER BOARD CONTAINS 4K (BY 72 BITS) OF MICRO-CODE 
MEMORY AND ASSOCIATED LOGIC AND A FEW LAMP DRIVERS. THE 
FIRST IK OF MICRO-CODE MEMORY IS IMPLEMENTED AS ROM, THE 
OTHER 3K BEING RAM. 

THE BIT-SLICE BOAROS CONTAIN THE MAIN PART OF THE IDATA 
PATHS — THE A-MEM. EXT. DATA SELECTORS. PART OF THE R0TATOR 
THE MASK GENERATOR AND MASKER. THE PC SWITCH RECIEVERS^ THE 
AR, THE IR. THE PC. THE MA. THE 2901 «S. AND THE SELECTORS. 
DRIVERS. ANO LATCHES FOR THE F-BUS AND MAIN MEMORY DATA. THE 
REST OF THE ROTATOR IS ON THE CON? BOARD. THE THREE BIT-SLICE 
BOARDS ARE SIMILAR TO EACH OTHER, BUT NOT IDENTICAL. FJOR 
INSTANCE. THE MA AND PC. WHICH DO NOT HAVE LEFT HALVES.! ARE 
NOT INCLUDED ON THE HIGH-ORDER BOARD (8S0). BSO IS THEJ 
HIGH-ORDER BOARD (BITS 0-11 >» BS12 IS THE MIDDLE ONE (B|lTS 
12-231, AND 8S24 THE LOW-ORDER BOARD (BITS 24-35). 

THE MAP CARD CONTAINS (AS ONE MIGHT GUESS) THE MAP, AND 
ITS ASSOCIATED LOGIC. IT ALSO CONTAINS SOME MAIN-MEMORY 
OATA PATHS AND THE ERROR-CORRECT I NG-CODE LOGIC. MEMORY BOARD 
TIMING AND CONTROLLING LOGIC. ADDRESS SELECTORS. AND A FEW 
ODDS AND ENDS. LIKE LAMP DRIVERS. 

THE CON1 CARD HAS THE CLOCK AND INDIVIDUAL CLOCK PULSE 
GENERATING LOGIC. THE TIMING AND SEQUENCING LOGIC FOR THE 
F-BUS, MAIN MEMORY. ANO DMA CYCLES. AND THE MICRO-CODE \ 
MEMORY CONTROL. ALSO, THE MICRO-CODE SEQUENCER (PC). CONDITION 
SELECTOR. AND MUCH DATA-PATH CONTROL LOGIC ARE ON CON1. THE 
DESTINATION STROBES ARE GENERATED ON CON1. 

THE CON2 CARD CONTAINS THE BULK OF THE ROTATOR. THE 
ALU CARRY-LOOKAHEAD LOGIC. THE MASK-SIZE REGISTER AND ENCODER. 
THt ROT-SIZE REGISTER AND SELECTOR. THE CONSTANT GENERATOR. 
THE AC ADDRESS SELECTOR, THE AC-SEL COUNTER, THE ALU SHIFT 
END-CONDITION LOGIC, THE CRYOV REGISTER, THE DfcV-ADR REGISTER 
AND SELECTION LOGIC, THE INTERRUPT SYNCHRONIZER. THE A-MEM 
ADDRESS GENERATOR. AND SOME LAMP DRIVERS. 

THE C0N3 CARD CONTAINS THE DATA LIGHT REGISTER AND DRIVERS. 
SOME SWITCH IOT ANO INTERRUPT LOGIC, THE MAP ENABLE BIT, 
ECC ERROR INTERRUPT LOGIC, ANO GENERATES THE ALU CONTROL SIGNALS. 
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THE LO^B -- DRAWING BY DRAWING 

THE LOGIC OF THE F-3 IS DISCUSSED IN DETAIL ON A 
DRAWING BY DRAWING BASIS* WITH THE EXCtPTION OF 
A FEW PIECES OF LOGIC WHICH ARE DISTRIBUTED ACROSS 
SEVERAL DRAWINGS (AND. IN SOME CASES* SEVERAL BOARDS) 
WHICH ARE DISCUSSED IN SECTIONS OF THEIR OWN. 

THE BIT-SLICE BOARDS: 

SINCE MUCH OF THE LOGIC IS THE SAME ON THE THREE BIT- 
SLICE BOARDS. THEY WILL BE COVERED TOGETHER. THE 
DRAWINGS FOR BSO ARE NAMED CFBS1 THRU CFBS6. THOSE 
FOR CARD BS12 ARE NAMED CFBS11 THRU CFBS16. AND THOSE 
FOR CARD BS24 ARE NAMED CFBS21 THRU CFBS26. 

CFBS1. CF8S11. CFBS21 — EXT. DATA SELECTORS AND A-MEM. 

THESE DRAWINGS ARE THE SAME. EXCEPT FOR BIT NUMBERS. 
THE 12 74S251«S ARE THE EXTERNAL OATA SOURCE SELECTORS. 
THE SELECTOR ADDRESS BITS ARE ESS4, ESS2. i ESS1. 
THE A. B. AND C VERSIONS ARE FOR FAN-OUT. THE 74S2S1»S 
SELECT Aft. MEM DATA, MASK GENERATOR OUTPUT. CONSTANT 
(MANY BITS OF WHICH ARE GND) PC (CRYOV IN LEFT HALF), 
MA (LEFT HALF ZERO), IOD (F-BUS DATA), AND IR. THE 
A-MEM (THE 12 29721 «S ON THESE DRAWINGS) ARE SELECTED 
BY DISABLING THE 74S251«S AND ENABLIN6 THE 29721 «S 
(TRI-STATE). THE SIGANL "ENBL SRC RIGHT L" (ALSO LEFT) 
IS THE 251 ENABLE, THE LEFT AND RIGHT VERSIONS ARE 
LOGICALLY IDENTICAL. THE A-MEM ENABLE IS "A-MEM CE L". 
"A-MEM WE L", IS THE WRITE STROBE FOR THE AMEM. THE 
A-MEM ADDRESS BITS ("A-MEM ADR X") AND THE CE AND WE 
SIGNALS ARE BUFFERED FOR FAN-OUT BY THE 74365 »S AT 
THE LEFT OF THE PAGE. SINCE THE 29721 INVERTS ITS 
DATA, THE OBUS IS INVERTED BY THE 74LSU4»S BEFORE 
GOING INTO THE DATA INPUTS. 
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CF8S2^p-BS12. CFBS22 — MASKER i. PC SWITCH SELECTORS. 

THE LOGIC AT THE BOTTOM OF THE DRAWINGS* MAOE OF 
74S08»S AND 74S32»S IS PART OF THE MASK GENERATOR 
ANO IS DISCUSSED SEPERATELY» UNDER THAT HEADING. 
THE 12 SECTIONS OF 7408 ( IN THE MIDDLE OF THE DRAWINGS) 
ANO THE OUTPUT OF THE ROTATOR (SHC Xf WITH THE MASK. 
THE 74157 WHICH THEY FEEO THEN SELECT BETWEEN THIS 
MASKED VERSION OF THE OATA. AND A STRAIGHT. UNMASKED. 
VERSION. THE UNMASKED VERSION IS SELECTEO IN THREE 
SITUATIONS. FIRST. IT IS DONE WHEN THE MASK IS ITSELF 
SELECTED AS THE EXTERNAL DATA SOURCE. SO THAT THE 
GENERATED WORD CAN BE ROTATED WITHOUT LOSING HIGH- 
ORDER BITS. SECONDLY. IT IS DONE WHEN THE CONSTANT 
IS SELECTED AS THE EXTERNAL SOURCE. BECAUSE THE MASK 
SIZE FIELD IS USED AS THE CONSTANT. IN THESE CASES. 
SINCE ONE HAS CONTROL OF THE DATA (MASK OR CONSTANT! 
NO MASKING OF IT WOULD EVER BE NEEDED ANYWAY. THIRDLY, 
THE UNMASKED DATA IS SELECTED WHENEVER A "SHIFT" TYPE 
OF ALU DESTINATION IS SELECTED. THIS IS BECAUSE. TO 
SAVE MICRO-CODE WORD LENGTH, THE MASK-SIZE FIELD IS 
USED TO SPECIFY THE SHIFT END CONDITIONS (I.E. ROTATE. 
LOGICAL. ARITHMETICAL. OR SPECIAL MULT/DIV) WITH THESE 
TYPES OF OPERATIONS. SINCE ALU SHIFT DESTINATIONS ARE 
ONLY USED FOR MULTIPLY. DIVIDE. AND DOUBLE-WORD SHIFTS. 
IT WAS NOT THOUGHT WORTHWHILE HAVING MICRO-CODE BITS 
DEDICATED TO THEM. THE 74157 OUTPUTS GO DIRECTLY TO 
THE 2901 DATA INPUTS. 

THE 74365 »S AT THE TOP OF THE DRAWINGS. EXCEPT 
CFBS2, ARE THE PC SWITCH SELECTORS (DRIVERS! . WHEN 
ENABLED. THEY DRIVE THE PC SWITCH DATA. WHICH COMES 
DIRECTLY FROM THE SWITCHES. ONTO THE MICRO-CODE ADDRESS 
LINES (MI AD) AND THE F-BUS OATA LINES (IOD). BOTH OF 
THESE ARE TRI-STATE. THESE DRIVERS ARE MISSING FROM 
CFBS2, ANO ONLY PARTLY PRESENT ON CFBS12. BECAUSE 
THE RELEVANT BITS ARE MISSING FROM MIAD AND THE PC 
SWITCHES. 

CFBS3, CFBS13, CFBS23 — AR & IR. 

THE 2916«S IN THE UPPER LEFT ARE THE AR. THEY ARE 
LOADED ("STB AR") FROM THE O-BUS. THE 2918 TRI-STATE 
OUTPUTS ARE USED TO DRIVE THE AR DATA (BITS 20-35) 
ONTO THE MICRO-CODE ADDRESS LINES (MIAD) DURING 
MICRO-MEMORY STORES. "EN6L AR MIAD L" IS THE ENABLE 
FOR THAT. THE IR IS MADE OF SEVERAL OIFFERENT SORTS 
OF TYPE-D FLIP-FLOP. THIS IS SO THE STROBES FOR 
DIFFERENT PARTS OF THE IR CAN BE SEPERATED. THE 
STROBES ARE, "EARLY LD IR STB". "EARLY LD IR IOX STB". 
AND "ST8 IR". NOTE THAT SOME OF THE IR BITS HAVE 
TWO NAMES. AS. FOR EXAMPLE. "IR 12" = "IR AC 1". 
ON CFBS3 ARE TWO 7485 COMPARATORS. THEY COMPARE 
ARO-5 WITH AR6-U. AND PRODUCE A SIGNAL WHICH IS 
HIGH IF THE FORMER IS LESS THAN THE LATTER. ALSO 
ON CFBS3. IN THE LOWFR RIGHT. IS A 7425 WHICH GENERATES 
A SIGNAL WHICH IS HIGH WHEN IR9-12 IS ZERO (AC FIELD). 
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klKEWlSF. ON CFBS13. IS A 74S20 WHICH GENERATES A 
JIGNAL WHICH IS HIGH IF IRU-17 IS NOT ZERO (IX FIELO), 
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FBS14, CFBS24 -- MA & PC. & PART OF ROTATOR. 



AT THE LEFT OF THE DRAWING «ON CFBS4. THE ONLY THING 
ON THE DRAWING* ARE THREE 25S10«S. THIS IS THE 
FIRST STAGF (OF THREE) OF THE ROTATOR. IT TAKES THF 
DATA FROM THE EXTERNAL DATA SELECTORS IE. SRC X) AND 
ROTATES IT 0. 1* 2. OR 3 BITS LEFT* 8ASED ON "ROT 
SIZE 1" AND "ROT SIZE 2". THE OTHER TWO STAGES OF 
THE ROTATOR ARE ON THE CON2 CARD (SEE ELSEWHERE) 
AND COMPLETE THE ROTATION. 

SINCE THE PC AND MA HAVE NO LEFT HALF* THERE 
IS NOTHING ELSE ON CFBS4. SO THE FOLLOWING REFERS 
TO CFBS14 (. CFBS24 ONLY. AT THE RIGHT IS THE MA. 
MADE OF 74S174 (FOR SPEED*. ITS INPUT COMES FROM 
A TWO-WAY SELECTOR (74157) WHICH SELECTS EITHER 
THE OBUS. OR THE PC. THE PC IS THE NEXT THING TO 
THE LEFT OF THE 74157 «S» AND IS MADE OF 74161 FOUR- 
BIT BINARY COUNTER CHIPS. ITS INPUT COMES FROM THE 
OBUS. NOTE THAT THE CARRY CHAIN. CONNECTING SUCCESSIVE 
74161 »S. EXTENDS ACROSS THE CARD BOUNDARY BETWEEN 
CFBS14 S, CFBS24. WHEN "PC EN8L INCR H" IS HIGH. THE 
PC WILL COUNT (UP. BY ONE! EACH TIME "STB PC" MAKES 
A TRANSITION FROM LOW TO HIGH. IF "PC ENBL INCR H» 
IS LOW. THE PC WILL BE LOADED FROM THE OBUS ON EACH 
SUCH TRANSITION. 

CFBS5, CFBS15. CFBS25 — 2901 S, E OBUS DRIVER 

THESE DRAWIN6S HAVE THE 2901 »S. WITH ALL THEIR INPUTS 
AND OUTPUTS LABELED. NOTE THAT »OUT=0" IS AN OPEN- 
COLLECTOR SIGNAL — THE PULLUP IS ON CONl. THINGS 
LIKE "ALU OV" AND "OUT<0" ARE OUTPUTS OF THE HIGH- 
ORDER 2901 (CFBS5). AT THE BOTTOM OF THE DRAWING ARE 
TWO 74365'S WHICH TAKE OBUS AND ORIVE IT AS "E OBUS" 
ONTO THE BACK-PANEL. THIS IS FOR FAN-OUT. 

CFBS6, CFBS16. CFBS26 — F-BUS i. MAIN MEMORY DATA SELECTORS &, LATCHES 



AT THE LEFT OF THE DRAWING ARE TWO 74S373. THESE ARE 
LATCHES WITH TRI-STATE OUTPUTS. THEY LATCH THE DATA 
COMING IN FROM MAIN MEMORY AT THEN ENO OF EACH READ 
CYCLE ("CPU RD H") AND HOLD IT UNTIL THE NEXT READ. 
THEIR OUTPUT ("MEM X"» IS THE MEM INPUT TO THE EXTERNAL 
DATA SELECTOR. THE 2918«S WITH WHICH THEY ARE INTER- 
SPERSED ARE THE HOLO REGISTER. THEY ARE LOADED FROM 
THE OBUS (STB HOLO) ANO THEIR OUTPUT GOES TO THE 
74157 (TO THEIR RIGHT) WHICH SELECTS DATA TO BE SENT 
TO MEM ON STORES. THE TRI-STATE VERSION OF THE HOLD 
REGISTER IS WIRE-ORED WITH THE READ-OATA LATCHES TO 
MAKE THE "MEM X" INPUTS TO THE EXTERNAL DATA SELECTORS. 
THIS MAKES THE STORE DATA AVAILABLE INSTEAD OF THE 
OLD READ DATA. 

THE OTHER INPUT TO THE 74157'S IS THE F-BUS DATA 
(100 X). WHICH IS SELECTED ON DMA CYCLES (FOR DMA 
STORES) — AT ALL OTHER TIMES THE HOLD REGISTER IS 
SELECTED. FOR CPU WRITES. 
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■ AT THE RIGHT OF THE DRAWING ARE TWO 7<tS373«S AND 
74S374»S. THE 74S373«S LATCH THE MEMORY READ OATA 
ON DMA HEADS. AND DRIVE IT ONTO THE F-6US DATA LINES 
HOD X) WHEN APPROPRIATE <"MEM TO IOO L">. THE 74S374ts 
ARE THE "IOD" REGISTER FOR HOLDING THE OATA TO BE 
SENT TO THE DEVICE ON IOTS. IT IS LOADED FROM THE 
OBUS »STB IOD) AND. WHEN THE IOT IS DONE, ENABLED ONTO 
THE F-BUS DATA LINES ("CPU TO IOD L"» . AT THE BOTTOM 
RIGHT OF CFBS16 ARE SOME GATES WHICH DETECT THAT 
MEM 13-17 ARE ZERO. AND SEND "MEM IDX-IND" WHEN 
THEY ARE NOT. THIS IS TO DETECT THE PKESENCE OR 
ABSENCE OF INDEXING AND INDIRECTING ON WORDS COMMING 
IN FROM MEMORY. 



II 



CON) c^B::::: 

CFCLC — CLOCK GENERATION, CYCLE LENGTH 

IN THE LOWER LEFT ARE THREE 74S161 COUNTERS. THESE 
DECIDE THE LENGTH OF EACH CYCLE, AND GENERATE A 
ONCE-PER-CYCLE SIGNAL, WHICH LATER BECOMES THE MAIN 
CLOCK PULSE. EACH 7*5161 HAS ITS "CARRY OUT" OUTPUT 
INVERTED AND CONNECTED TO ITS "CARRY IN" INPUT. THIS 
CAUSES EACH COUNTER TO COUNT ON EACH 20 MHZ CLOCK 
PULSE, UNTIL IT REACHES OCTAL 17, OR UNLESS ITS LOAD 
INPUT IS LOW. THE GENERAL SCHEME IS THAT EACH 
COUNTER IS LOADED WITH A NUMBER tBY HAVING ITS LOAD 
INPUT LOW DURING A CLOCK PULSE) » THEN, WHEN LOAD 
GOES HIGH, IT COUNTS IAT 20 MHZ) UNTIL IT REACHES 
OCTAL 17, AT WHICH POINT IT QUITS COUNTING, AND REMAINS 
AT 17 UNTIL THE NEXT LOAD. THE RIGHT-MOST OF THE 
THREE 74S161'S COUNTS THE FIRST (CONSTANT) PART OF 
EACH CYCLE. ITS LOAD INPUT IS LOW AT THE START OF EACH 
CYCLE, WHICH CAUSES IT TO LOAD AN OCTAL 12. 
THIS MAKES ITS "CARRY OUT" OUTPUT LOW, WHICH FORCES 
THE OUTPUT OF THE 74S10 (WHICH GOES TO ITS LOAD 
»NPUT» TO BE HIG8 WHICH MEANS ITI-WILL COUNT UNTffL IT 
GETS UP TO OCTAL 17 (THIS IS SIX CLOCK PULSES, OR 300 
NANOSECONDS, COUNTING THE CLOCK WHICH LOADS THE 12} . 
THE "CARRY OUT" OF THIS COUNTER GOES TO THE LOAD INPUTS 
OF THE OTHER TWO COUNTERS. THIS MEANS THAT DURING THE 
CLOCK PULSE WHICH COUNTS THIS ONE TO 17, THE OTHER 
TWO WILL LOAD (ALSO DURING EARLIER PULSES, BUT THEY 
DON'T MATTER). THE LEFT-MOST COUNTER LOADS EITHER 
17 (IF NO DMA CYCLE) OR SOME SMALLER NUMBER (MINIMUM 
FOP OMA CYCLES, CURRENTLY 12 ~ FOR 550 NANOSEC). 
THE MIDDLE COUNTER LOADS THE NUMBER FROM THE CYCLE- 
LENGTH FIELD OF THE CURRENT MICRO-CODE WORD. AT 
THIS POINT THE RIGHT-MOST COUNTER HAS 17. IF BOTH 
OF THE OTHER TWO COUNTERS HAVE LOADED 17, THE OUTPUT 
OUF THE 74S10, WHICH "ANOS" THE THREE CARRY OUTS. WILL 
GO LOW, WHICH WILL START THE NEXT CYCLE (NOTE THAT 
SIX CLOCKS HAVE HAPPENED « 300 NANOSEC.) BY CAUSIN6 
THE RIGHT-MOST COUNTER TO LOAD ITS 12. IF EITHER OF 
THE TWO LEFT-HAND COUNTERS HAS LOADED SOMETHING OTHER 
THAN 17, ITS CARRY-OUT WILL BE LOW, AND ON SUCCESSIVE 
CLOCKS IT WILL COUNT, UNTIL BOTH HAVE REACHED 17, AT 
WHICH TIME THE NEXT CYCLE WILL START. THIS ARRANGEMENT 
MEANS THAT THE A CYCLE IS A MINIMUM OF 300 NANOSECONDS, 
BUT IS LENGTHENED TO THE LONGER OF THE TWO LENGTHS 
SPECIFIED BY THE INPUTS TO THE TWO COUNTERS -- DMA 
AND CY-LEN. 
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THE OUTPUT OF THE 74S10, WHICH IS LOW AT THE 
TART OF EACH CYCLE. IS STROBED INTO THE 74S74 ABOVE 
IT ON EACH CLOCK PULSE. THIS PRODUCES A SYNCHRONIZED 
ONCE-PER-CYCLE SIGNAL CALLED "PRE-CPU CLC". TO THE 
RI6HT OF THE 74S74 (AND BELOW) ARE TWO 7416A«S WHICH 
FORM A 16-BIT SHIFT REGISTER. THE HIGH ONCE-PER-CYCLE 
SIGNAL GOES INTO THE SHIFT INPUT. THE FIRST OUTPUT 
OF THE SHIFT REGISTER WILL THEN BE HIGH FOR ONE CLOCK 
PERIOD (SO NANOSEO. AND THIS DEFINES "CPU CLOCK" 
TIME. THIS OUTPUT IS INVERTED (THROUGH THE 743661 
TO PRODUCE THE ACTUAL CPU CLC SIGNAL. MOST OF THE 
CLOCK SIGNALS GO LOW FOR 50 NANOSECONDS. AND HAVE 
THEIR EFFECT ON THEIR RISING (TRAILING) EDGE. CONSEQUENTLY, 
CPU CLOCK TIME IS THE TRAILING EDGE OF THIS PULSE. 
EACH SUCCESSIVE OUTPUT WILL BE HIGH FOR ONE 
CLOCK PERIOD. 50 NANOSECONDS LATER THAN THE ONE BEFORE 
IT. THE SHIFT REGISTER IS CLEARED WHEN THE 74S10 
GOES LOW — NEAR THE END OF THE CYCLE ~ TO AVOID 
HAVING LATE CLOCKS SLOP OVER INTO THE NEXT CYCLE. 

"CPU CLC" IS THE FIRST CLOCK OF EACH CYCLE. AND 
IS THE MAIN CLOCK FOR TIMING EVERYTHING IN THE CPU. 
THE DESTINATION REGISTERS (WITH A FEW EXCEPTIONS) ARE 
STROBED BY IT. AS IS THE MICRO-CODE INSTRUCTION 
REGISTER <MI>. IN OTHER WORDS. THE SEQUENCING OF THE 
CPU IS SUCH THAT AT THE START OF EACH CYCLE. THE 
MICRO-CODE WORD IS STROBED INTO THE MI. AND THEN 
DURING THE CYCLE ALL THE DATA PATHS SET UP AND THE 
OUTPUT OF THE ALU SETTLES TO THE RESULT* ALSO THE 
MICRO-CODE SEQUENCER FORMS THE ADDRESS OF THE NEXT 
MICRO INSTRUCTION TO BE EXECUTED. AND THAT WORD IS 
FETCHED FROM MICRO-MEM. WHEN ALL OF THIS HAS SETTLED. 
THE NEXT CLOCK PULSE HAPPENS. WHICH STROBES THE DATA 
RESULT INTO ALL INDICATED DESTINATION REGISTERS. AND 
LOADS THE NEXT MICRO INSTRUCTION INTO THE MI. 

ONE-HUNDRED NANOSECONDS AFTER CPU CLC ON EVERY 
CYCLE IS "EARLY STB CLC". THIS GENERATES. WHEN 
APPROPRIATE. THE STROBE FOR THE LEFT HALF OF THE 
IR. THIS IS DONE SO THAT ON THE FIRST CYCLE ON WHICH 
DATA IS AVAILABLE ON A MEMORY FETCH. IT CAN BE PUT 
INTO THE IR AND THE OP-CODE CAN BE DISPATCHED ON. 
WITHOUT THIS FEATURE. THE OATA WOULD NOT REACH THE 
IR UNTIL THE END OF THE CYCLE. AND THE DISPATCH COULD 
NOT HAPPEN UNTIL THE NEXT CYCLE. 

ALSO 100 NANOSECONDS AFTER CPU CLC IS "BUS CLC". 
THIS IS THE MAIN TIMING PULSE FOR THE F-BUS AND 
FOR MAIN-MEMORY CYCLES. SINCE A MEMORY CYCLE CAN'T 
START UNTIL THE ADDRESS IS AVAILABLE. WHICH TAKES 
ALMOST 100 NANOSECONDS (FROM LOADING MA TO OUTPUT OF 
MAP). IT WAS SIMPLEST TO START ALL MEMORY CYCLES 
100 NANOSECONDS AFTER CPU CLCI AND SINCE THE MEMORY 
CAN'T DO ANYTHING FOR THIS CYCLE DURING THE FIRST 
100 NANOSECONDS. IT MIGHT AS WELL BE FINISHING THE 
PREVIOUS CYCLE. FOR THESE REASONS. THE MEMORY CYCLE 
IS SKEWED BY 100 NANOSECONDS WITH RESPECT TO THE 
CPU CYCLE. THE F-BUS CYCLE IS MADE TO AGREE WITH 
THE MEMORY CYCLE TO MAKE DMA CYCLES SIMPLE. 
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AT THE LOWER RIGHT ARE TWO 74109'S. WHOSE 
_OCK INPUTS ARE DRIVEN BY TWO 7402'S. THESE GENERATE, 
TIMING SIGNALS FOR SEQUENCING MICRO-MEMORY STORES. 
"MI STO MUCODE" WILL BE TRUE If THE CURRENT MICRO 
INSTRUCTION INDICATES MICRO-COOE STORING. IF THIS 
IS TRUE, THE TOP 74109 "MU STO GO" WILL COME ON AT 
TIME 300 (300 NANOSECONDS AFTER CPU CLC) AND WILL 
STAY ON UNTIL TIME 650. THE LOWER ONE, WHICH GENERATES 
THE ACTUAL WRITE STROBES, WILL COME ON AT TIME 400, 
AND LAST UNTIL TIME 600 — GENERATING A 200 NANOSECOND 
WRITE STROBE. "MU STO GO" CAUSES ADDRESS AND DATA 
GATING TO SET UP FOR THE 5TORE. BELOW THE 74109 ARE 
FOUR GATES WHICH GENERATE THE WRITE STROBES OR THE 
APPROPRIATE HALF OF THE MICRO-MEM, AND "OR" IN THE 
WRITE STROBE GENERATEO BY THE "DEPOSIT" SWITCH.! 

JUST ABOVE THE 74366 WHICH BUFFERS THE CLOCK 
SIGNALS IS A 7474 WHOSE OUTPUT IS "A-MEM WE CLCiH". 
THIS FLIP-FLOP IS TURNED ON THROUGH ITS DIRECT SET 
INPUT BY THE LEADING EDGE OF THE TIME 200 CLOCK SIGNAL 
— IN OTHERWORDS AT TIME 150. THE FLIP-FLOP STAYS ON 
UNTIL THE END OF THE CYCLE (TURNED OFF BY CPU CLC). 
THIS SIGNAL (HIGH) IS USED TO GENERATE THE WRITE-ENABLE 
FOR THE A-MEM CHIPS. 1 

THE UPPER LEFT AND MIDDLE OF THE DRAWING HAS 
SOME LOGIC FOR GENERATING MAIN MEMORY REFRESH TIMING. 
SINCE THE MAIN MEMORY IS MADE OF DYNAMIC RAMS, REFRESHES 
ARE NECESSARY. THE 74S161«S COUNT DOWN THE 20 MHZ 
CLOCK AND GENERATE A RISING EDGE EVERY 12.8 MICRO- 
SECONDS. THIS PERIOD MEANS THAT THE REFRESH COUNTER 
(ON THE MEM CARD! WILL COUNT THROUGH ITS 128 COLUMN 
AODRESSES ONCE EVERY 1.6 MILLISECONDS — WHICH IS WELL 
WITHIN THE 2 MILLISECOND LIMIT. EACH TIME THIS Et>GE 
OCCURS, IT SETS THE FIRST 7474 (OR THE SECONO, IF THE 
FIRST IS ALREADY SET*. THE OUTPUT OF THIS FLIP-FLOP 
IS SYNCHRONIZED TO CREATE "REFR RQ", WHICH CAUSES A 
REFRESH CYCLE TO HAPPEN AT THE NEXT OPPORTUNITY. THE 
PURPOSE OF THE SECOND 7474 IS TO DETECT WHEN REFRESH 
CYCLES HAVE BEEN LOCKED OUT BY OMA CYCLES FOR A FULL 
12.8 MICROSECONDS. IN THIS CASE THE SECOND FLIP-FLOP 
"HARD REFR RQ» DISABLES (ON ANOTHER DRAWING) DMA 
CYCLES. THE SIGNAL "REFRESH" IS TRUE DURING REFRESH 
CYCLES AND, IF THE SECOND FLIP-FLOP RO IS NOT ON, 
CLEARS THE FIRST FLIP-FLOP (THROUGH THE 74S00). THE 
FIRST FLIP-FLOP BEING CLEAR CLEARS THE OTHERS. IF 
THE SECOND FLIP-FLOP IS ON WHEN REFRESH HAPPENS, ITS 
TRAILING EDGE SETS THE FLIP-FLOP BELOW THE SECONO ONE, 
ANO THE SECONO REFRESH CYCLE WILL CLEAR THE FIRST 
FLIP-FLOP. 

VARIOUS OTHER CLOCK PULSES ARE GENERATEO BY THE 
OUTPUTS OF THE SHIFT REGISTER WHICH ARE COVERED WHERE 
THEY ARE USED. 



X 



CFMCON 



CLOCKS* MICRO-MEM CONTROL. CONTROL SWITCHES 



IN THE UPPER MIDDLE OF THE DRAWING IS A 7*74 WHOSE 

LOWER OUTPUT IS LABELED "-CPU STOP". THIS FLIP-FLOP 

WHEN SET*. STOPS THE CPU. AND WHEN CLEARED. ALLOWS 

IT TO RUN. THE FLIP-FLOP IS CLOCKED AT THE END 

OF ALL CYCLES DURING WHICH THE CPU IS RUNNING. IF 

THE STOP SWITCH IS ON. AND THE MICRO-INSTRUCTION IS 

NOT REQUESTING AN F-BUS IOT CYCLE. THE FLIP-FLOP WILL 

BE SET. STOPPING THE MACHINE. IOTS ARE ALLOWED TO 

TAKE BOTH OF THEIR CYCLES BEFORE STOPPING. BELOW 

THE CPU STOP FLIP-FLOP ARE TWO FLIP-FLOPS WHICH DETECT 

THE LEADING EDGE OF THE CONTINUE SWITCH. OR EITHER OF 

THE EXEQUTE SWITCHES. WHEN THIS HAPPENS. THE CPU 

STOP FLIP-FLOP IS TURNED OFF ONCE PER EDGE. NOTE 

THAT IF. AT THIS TIME. THE STOP SWITCH IS OFF, THE 

MACHINE WILL RUN UNTIL STOPPED; WHEREAS IS THE STOP 

SWITCH IS ON. THE CLOCK AT THE END OF THE CYCLE 

WILL TURN THE STOP FLIP-FLOP ON — HENCE CAUSING A 

SINGLE CYCLE TO HAPPEN (OR TWO CYCLES IF AN IOT). 

THE CPU STOP FLIP-FLOP IS ALSO SET (THROUGH ITS DIRECT 

SET INPUT! BY CERTAIN ERROR CONDITIONS (MICRO-CODE 

PARITY ERRORS. AND MAIN-MEM HARD ECC ERRORS. IF ENABLED), 

TO THE RIGHT OF THE CPU STOP FLIP-FLOP ARE 
THE GATES WHICH "AND" THE NOT-STOPPED CONDITIONS WITH 
CPU CLC TO GENERATE THE CLOCK SIGNALS WHICH GO OUT 
TO THE REST OF THE MACHINE. THERE ARE SEVERAL VERSIONS 
FOR FAN-OUT AND TO MAKE BOTH FLAVORS (HIGH & LOW). 
IN ADDITION. PC CLC WHICH CONTROLS THE MICRO-CODE 
SEQUENCER (NEXT ADDRESS GENERATOR) IS DISABLED. WHILE 
THE OTHERS ARE ENABLEO. IF THE "XCT DAT" SWITCH IS 
PUSHED. THIS IS TO ALLOW EXECUTING A MICRO INSTRUCTION 
(PROBABLY FROM THE SWITCHES). AND HAVING ITS DATA 
EFFECTS OCCUR. BUT NOT CHANGING THE MICRO PC. 

AT THE LEFT MIDDLE OF THE PAGE IS THE 20 MHZ CLOCK. 
WHICH IS SIMPLY A TTL CLOCK DIP (SQUARE-WAVE GENERATOR) 
AND SOME GATES FOR DRIVE. 

THE BOTTOM HALF OF THE PAGE HAS SOME LOGIC FOR 
CONTROLLING THE MICRO-CODE MEMORY. SINCE UP TO FOUR 
MUM CARDS (WITH 4K EACH) COULD BE PLUGGEO IN. THE 
74155 AT THE RIGHT DECODES THE APPROPRIATE BITS OF 
THE MICRO-ADDRESS AND GENERATES THE ENABLES FOR! THE 
CARDS. WHEN ANY OF THE "XCT" SWITCHES ARE PUSHED. 
OR THE "SW MI FROM SW" SWITCH IS ON. THE ENABLES ARE 
ALL TURNED OFF. WHICH DISABLES THE MEMORY CHIPSi. ALSO 
"ENBL MUCODE 257 L" IS MADE TRUE. ANO "SEL 2S7 ©BUS" 
IS MADE FALSE. THIS CAUSES THE OUTPUT OF THE MICRO 
MEMORY TO BE DRIVEN BY THE DATA SWITCHES. AT THE 
LEFT. THE DEPOSIT SWITCH (DEPO SW) IS "ANOEO" WtTH 
THE STOP SWITCH (TO AVOID CLOBBERING MICRO-MEM) * AND 
THE LEADING EDGE SETS THE 7474. .THIZ (2AOSBS1IIS 
i*l»PER TP T TO SO LOW. ANO HIS P GOES PHE 
INPUT OF THE 74164 SHIFT REGISTER. THE SHIFT REGISTER 
IS ALWAYS SHIFTING (AT 5 MHZ). SO A STRING OF ZEROS 
WILL BE SHIFTED THROUGH THE REGISTER. UNTIL IT REACHES 
THE FOURTH OUTPUT. WHICH TURNS THE 7474 BACK ON. HENCE 
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[STRING OF FOUR ZERO BITS MILL HOVE THROUGH THE SHIFT 
iGISTER. WHEN THE FIRST OUTPUT GOES LOW. IT TURNS 
OFF THE MEM-CHIP OUTPUT ENABLES fMU OE LJ AND ENABLES 
THE DATA SWITCHES ONTO THE MICRO-MEM OUTPUT BUS IWHICH 
IS ALSO THE INPUT BUS> THROUGH THE 7427 t> 7402, IT 
ALSO FORCES THE MEM-CHIP CHIP ENABLES ON. THROUGH THE 
74155. 200 NANOSECONDS LATER. THE SECOND OUTPUT GOES 
LOW, SENDING THE WRITE-ENABLE. 600 NANOSECONDS LATER. 
THE FIRST OUTPUT WILL GO HIGH AGAIN. BUT SINCE THE 
THIRD AND FOURTH OUTPUTS ARE BY THIS TIME LOW. THAT 
WILL HAVE NO EFFECT. 200 NANOSECONDS LATER. THE SECOND 
OUTPUT WILL GO HIGH, TURNING OFF THE WRT-ENBL. NEXT 
THE THIRD GOES HIGH. RELEASING THE SWITCH AND CHIP 
ENABLES; ANO FINALLY THE FOURTH GOES HIGH. TURNING THE 
MEM-CHIP OUTPUT ENABLES BACK ON. THIS COMPLETES THE 
DEPOSIT SWITCH SEQUENCING. NOTE THAT "MU STO 60" 
SNEAKS INTO THE 7427 ANO THE 7410«S TO ENABLE THE 
OBUS ONTO THE MICRO-MEM BUS. AND DISABLE THE MEM-CHIP 
OUTPUTS. 



CFMIP ^■MICRO-CODE PARITY* RANDOM SIGNALS 

AT THE LEFT OF THE PAGE ARE FOUR 93S48«S, WHICH 
GENERATE PARITY ON THE BITS OF THE MICRO-INSTRUCTION 
REGISTER WHICH ARE ON THE CONl CARD. PARITY FROM 
BITS ON OTHER CAROS COMES IN (MI PAR 1,2.3) AND 
THE PARITY OF THE WHOLE 72-BIT WORD IS GENERATED 
BY THE RIGHT-MOST 93S48. THIS IF WRONG (ODD). IS 
ANDED WITH THE "MI PAR STOP" SWITCH. AND GENERATES 
"MI PAR ERR H"» WHICH (ELSEWHERE) SETS THE CPU STOP 
FLIP-FLOP. AT THE UPPER MIDDLE ARE FOUR 74S32«S 
WHICH BUFFER "10" BIT OF THE EXTERNAL SOURCE FIELD 
AND SEND IT TO THE BIT-SLICE CARDS TO ENABLE UF LOW) 
THE EXTERNAL OATA SELECTORS. JUST TO THE RIGHT OF 
THIS» THE SAME BIT ENABLES THE A-MEM CHIPS IF IT IS 
HIGH — THROUGH THE 74S51. IF THE CURRENT MICRO 
INSTRUCTION SPECIFIES STORING IN THE A-MEM (DEST 
A-MEM), THE 74S51 ENABLES THE MEM-CHIPS. AND THE 
7400 SENDS WRITE STROBE, DURING THE A-MEM WE CLC 
PERIOD. 

IN THE MIDDLE OF THE PAGE. A 74365 BUFFERS THE 
MAPF FIELD, AND SENDS IT TO THE F-BUS AS THE "SUB 
SEL" BITS. IT ALSO BUFFERS THE "IN ENABLE" AND 
"OUT STROBE" FOR IOTS. IN THE LOWER RIGHT ARE TWO 
7474* S. THE UPPER ONE IS CLEARED WHEN "STB HOLD" 
HAPPENS. ENABLING THE HOLD REGISTER ONTO THE "MEM" 
DATA LINES. AND DISABLING THE MEM DATA. "STB MA" 
CLEARS THE LOWER 7474. WHICH SETS THE UPPER ONE, 
(WHICH SETS THE LOWER ONE), REVERSING THE SITUATION 
(ENABLING MEM DATA. INSTEAD OF HOLD). 
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cfoestJ^ destination field and special function field decode 

the 74155 at the upper right decodes dest field 

codes to 3, and produces the early (time 100) strobes 

to the indicateo parts of the ir left half. below it 

are two 74s138«s. which decooe oest-field cooes to 

17 and send the strobes at end of cycle (stb clc) to 

the indicated data path registers. a few of these 

strobes are not for registers. but cause control 

functions to happen (like "stb hi abs ma" and "clear 

mi error l"». at the left are two 74s138»s 

which decode cooes 20 to 37. the bottom one decodes 

20 to 27. and sends end-of-cycle strobes. the top 

one decooes 20 to 37 in pairs. ano its output is 

not conditioned by the strobe pulse, so. for example. 

"mi strt wrt l" is true for the whole cycle. if 

either desti201 or desti211 (strt-wrt or mem-sto) 

are selected. above this are some 6ates which do 

a little further decoding. "gonna memsto" detects 

when the micro-code is doing a store. so the "local 

user" shift register (map card* can shift. the 

"fetch next instr" signal detects when the micro-code 

has finished with a macro instruction and is going 

to the next. so the "local user" shift register can 

be reset. it detects when the ma is being loaded 

from the pc. or both the ma ano pc are being loaded 

(as on a jump). at the middle left. dest codes 30 

through 33 generate the "ml fixmac l" level. this. 

at the bottom left. causes the hold register to be 

loaoed if (and only if) the ma contains an ac address. 

this. if it occurs. will cause "mem" data to come from 

the hold register. instead of memory. the purpose 

of the fixmac function is to allow memory locations 

to 17 to be the ac's. if. during the cycle that 

the main memory is doing its fetch. the fixmac destination 

is given. ano the alu is caused to fetch the ac addressed 

by the ma. that ac data will be strobed into the hold 

register. ano look like it came from memory. only if 

the ma contains an ac address. 

at the upper middle are two gates which generate 
the strobes for the ar and ma. in the midole are 
two 74s138»s which decooe the "special function" 
field. ano send out the signals for them. note 
that many of these signals are caused by several 
special function codes. so many of the 
cooes cause a combination of things to occur. for 
example, code 12 causes "sel a-mem apr". and 14 causes 
dest a-mem. but 13 causes both. codes 6 and 7 cause 
the pc to count. if the dispatch (being done at the 
same time) is going to be based on the opcode (no 
interrupt. inoex. or indirect) whereas code 10 causes 
the pc to increment regardless. 



CFMIAO^P MICRO-CODE SEOUENCER 

IN THE UPPER LEFT IS THE 2910 12-BIT SfcQUENCER CHIP. 
IT CONTAINS A 12-BIT COUNTERt AND CAN PERFORM A 
NUMBER OF FUNCTIONSt SPECIFIEO BY THE FOUR INPUTS 

10 THROUGH 13. IT CAN SIMPLY COUNT ITS COUNTER. OR 
IT CAN PERFORM UNCONDITIONAL. OR CONDITIONAL. JUMPS. 
THE CONDITION INPUT IS CC. AND COMES FROM THE SIGNAL 
"COND" (GENERATED ELSEWHERE. BY A SELECTOR) WHICH 
IS DISABLED (FORCED FALSE! FOR JUMP-CODES (J CODE* 

14 TO 17. THIS IS BECAUSE 16 (CONTINUE) AND 17 
(COUNTER LOAD) DO NOT WISH TO JUMP. 14 IS UNUSED AND 

15 (SPECIAL LOOP) IGNORES THE CONDITION CODE. 
THE 2910 HAS A LOOP COUNTER. WHICH 
IS LOADED ON JUMP CODE 17. BY MAKING THE "-RL0" 
INPUT LOW (THE 74S20). IT ALSO HAS A STACK. AND 
CAN PERFORM CONDITIONAL PUSHJ AND POPJ. THE CLOCK 
FOR THE 2910 IS "PC CLC". THE 2910 OUTPUT IS DRIVEN 
ONTO THE MICRO-CODE ADDRESS LINES BY THE 74S241«S. 
THE JUMP ADDRESS FOR JUMPS AND PUSHJS COMES FROM THF 
2910 DATA INPUTS. CALLED "J ADR X". THE REST OF THE 
PAGE IS DEVOTED TO GENERATING THOSE BITS. THE LOGIC 
OM THIS PAGE IS MOST EASILY DESCRIBED IN TERMS OF 
WHAT HAPPENS FOR EACH OF THE J-CODES. 

J-CODE IS THE 2910 RESET FUNCTION, THE J-ADR 
IS IGNORED. 

J-CODES 4 (UNUSEO). 6 (POPJ). 10 (SAME AS 0). 

11 (UNUSED). 14 (UNUSED), 16 (CONTINUE). AND 17 
(LOOP-COUNTER LOAD) IGNORE THE J-ADR. 
THE THREE LOW-ORDER J-CODE BITS GO OIRECTLY 
(EXCEPT FOR MAP-FAULT TRAPS. SEE BELOW) INTO THREE 
OF THE FUNCTION SELECT INPUTS. THE FOURTH IS GROUNDED. 
THE CONDITION CODE IS DISABLED ON 16 i 17 SO THEY 
WON'T JUMP. 

J-CODES 1 (PUSHJ). 3 (JUMP), 5 (LOOP), AND 7 
(JPOP) ALL GENERATE THE J-ADR THE SAME WAY ~ FROM 
THE J-ADR FIELD OF THE MICRO INSTRUCTION. SINCE. FOR 
THESE CODES. NONE OF THE USED OUTPUTS OF THE 74S138 
IN THE LOWER LEFT ARE LOW. THE TWO ADDRESS BITS INTO 
THE 74153»S WHICH SELECT J-ADR BITS 2 THROUGH 9 WILL 
BE 0. CAUSING THEM TO SELECT "MI J-ADR". THE TWO 
LOW-ORDER ADDRESS BITS INTO THE 74151 «S (FOR BITS 

10 8. 11) WILL BE LOW FOR THE SAME REASON. CAUSING 
BIT 10 TO SELECT "MI J ADR 10". AND BIT 11, SINCE 
"MI J CODE 1" IS HIGH, TO SELECT "MI J ADR 11". 

J-CODE 2 (LBJUMP) IS IDENTICAL TO 3 (ABOVE). 
EXCEPT THAT SINCE "MI J CODE 1" IS LOW, J-AOR BIT 

11 (THE LOWER 74151) WILL SELECT "COND", CAUSING 
THE JUMP (WHICH IS UNCONDITIONAL) TO BE TO THE 
INDICATED ADDRESS, OR THAT ADDRESS PLUS 1, DEPENDING 
OM THE CONDITION. 
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J-CODE 12 (DISPATCH* IS THE MOST COMPLICATED 
SASE. THE 74153 ADDRESS WILL BE 2, BECAUSE THE 74S138 
»*01SP rt OUTPUT WILL BE LOW. THIS WILL CAUSE J-ADR 
BITS 2 TO 9 TO COME FROM THE IR OPCODE FIELD, BITS 
TO 7, EXCEPT THAT FOR CERTAIN OPCODES, IR BITS 6 AND 
7 ARE FORCED TO 0, AND EXCEPT IN THE CASE WHERE THE 
IR CONTAINS THE INDIRECT BIT, OR A NON-ZERO INDEX 
FIELO, OR AN INTERRUPT IS PENDING. IF ANY OF THESE 
IS TRUE, THE ENABLES OF THE 74153»S ARE FORCED HIGH, 
CAUSING THEIR OUTPUTS TO BE ZERO. BY THE 74S11 AND 
74S32«S (LOWER LEFT). J-ADR BIT 10 (741511 COMES 
FROM IR BIT 8 (THE LOW-ORDER OPCODE BIT* WHEN NONE OF 
THE SPECIAL CONDITIONS EXIST, <EXCEPT THAT IR8IIS 
FORCED TO FOR SOME OPCODES*. IF ANY OF THE SPECIAL 
CONDITIONS EXIST, THE BIT COMES FROM THE I INVERTED* 
STATE OF A SIGNAL WHICH AMOUNTS TO "THE CONSOLE STOP 
SWITCH WANTS AN INTERRUPT". THE LOW ORDER J-ADR 
BIT (11*. COMES FROM THE "INTERRUPT" SIGNAL, IN ALL 
CASES. NOTE THAT THIS MEANS IT WILL BE ZERO, EXCEPT 
IN THE SPECIAL CASE OF INTERRUPTS? THUS IR DISPATCHES 
HAVE THE LOW-ORDER BIT (ONLY GO TO EVEN ADORESSES*. 
NOTE ALSO THAT IN THE CASE WHERE THERE IS INDEXIN6 OR 
AN INTERRUPT, J-ADR BIT 9 IS FORCEO TO 1. THE 'EFFECT 
OF ALL THIS SPECIAL STUFF IS TO GENERATE THE DISPATCH 
ADDRESSES <AS COVERED IN THE MICRO-CODE MANUAL*: 1 
THROUGH 7, FOR THE SPECIAL CASES. I 

J-CODE 13 (SPECIAL DISPATCH* IS VERY SIMPLE. IT 
JUMPS, CONDITIONALLY, TO THE LOW-ORDER BITS OF JTHE 
O-BUS. THIS ALLOWS JUMPING TO GENERATED AOORESSES. 
THE 74153 ADORESS BITS WILL BE 01. WHICH WILL CAUSE 
THEM TO SELECT THE O-BUSt LIKEWISE THE 74151 «S.j 

J-CODE 15 (SPECIAL LOOP* IS LIKEWISE FAIRL|Y 
SIMPLE. THE 74153 ADDRESS IS 0, AS FOR JUMPS, !AND 
THESE BITS SELECT THE MICRO INSTRUCTION J-ADR FIELD, 
AS FOR JUMPS. THE 74151 ADDRESS WILL BE 7 FOR BOTH 
LOW ORDER BITS, CAUSING BIT 10 TO COME FROM "COND", 
AND BIT 11 TO COME FROM THE J-ADR FIELO. THIS MEANS 
THAT SPECIAL LOOP, IF IT JUMPS (OEPENOS ON THE LOOP 
COUNTER*, JUMPS TO J-ADR OR J-ADR PLUS 2. 

THE FINAL CASE IS THAT OF MAP-FAULT TRAPS. WHEN 
"MAP OOPS DISP" IS TRUE, THE 2910 FUNCTION INPUTS ARE 
FORCEO TO UNCONDITIONAL JUMP, THE 74153 ADDRESS IS 
FORCEO TO 3, SELECTING THE MICRO INSTRUCTION "MAPf" 
FIELD, (OR OR 1»» AND THE 74151 «S ARE DISABLED, 
FORCING THE TWO LOW-ORDER BITS TO 0. THIS CAUSES 
MICRO-CODE CONTROL TO BE TRANSFERED TO THE ADDRESS 
"100*MAPF»4» (EXCEPT FOR THE HIGH-ORDER BITS, BIT 1 
AND ABOVE, COVERED LATER*. 

ALL OF THE ABOVE COVERS J-ADR BITS 2 TO 11. THE 
HIGHER ORDER BITS ARE ON THE NEXT DRAWING. SEE BELOW. 
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CFHMA^j^^ HIGH ORDER MICRO-CODE ADDRESS BITS 

AT THE BOTTOM MIDDLE IS A 74153 WHICH SELECTS 

THE J-ADR BITSt ANO 1. IN ALL CASES EXCEPT 

MAP-FAULT TRAPS AND SPECIAL DISPATCHES* IT SELECTS 

THE MICRO INSTRUCTION J-ADR FIELD. NOTE THAT 

THIS MEANS THAT EVEN "DISPATCH" GETS THESE BITS 

FROM THE J-ADR FIELD. IN THE CASE OF SPECIAL DISPATCH. 

IT SELECTS. AS ONE MIGHT EXPECT. THE 0-8US. IN 

THE CASE OF MAP-FAULT TRAPS. IT SELECTS THE TWO 

LOW ORDER BITS OF THE MAP-FAULT DISPATCH REGISTER. 

THE MAP-FAULT DISPATCH REGISTER IS THE 74174 TO ITS 

LEFT. 

ABOVE THE 74153 IS A 74157. WHICH SELECTS 
THE REST OF THE MAP-FAULT DISPATCH REGISTER IN THE 
CASE OF MAP-FAULT TRAPS. ANO SELECTS THE APPROPRIATE 
BITS OF THE OBUS AT ALL OTHER TIMES. THE OUTPUT 
OF THE 74157 GOES TO A 74173 FOUR-BIT TRI-STATE 
REGISTER. WHICH HOLDS THE HIGH-ORDER (NEGATIVE NUMBERED* 
BITS OF THE MICRO-CODE ADORSS. IT IS LOADED ONLY 
ON MAP-FAULT TRAPS AND "SPECIAL DISPATCHES". NOTHING 
ELSE CAN CHANGE WHICH "PAGE" YOU ARE IN. (EXCEPT 
RESET. WHICH CLEARS THE REGISTER). THE OUTPUT 
IS ENABLED ONTO THE MI ADDRESS LINES. EXCEPT WHEN 
THE "SW ENBL PC SW" SWITCH IS ON. WHICH ENABLES THE 
PC SWITCHES ONTO THE Ml ADDRESS LINES. OR DURING 
MICRO-CODE STORES. WHEN "ENBL AR MIAD L" CAUSES THE 
AR TO BE ENABLED ONTO THOSE LINES. NOTE THAT THIS 
IS SEQUENCED BY "MU STO GO" FROM CFCLC. 

IN THE UPPER LEFT ARE SOME GATES WHICH DETECT 
CERTAIN GROUPS OF OPCODES IN THE IR, AND CAUSE IR 
BITS 6. 7 ANO 8 TO BE IGNORED ON DISPATCHES. THE 
000 (UUO* AND 300 (JUMPS S, SKIPS* GROUPS WILL IGNORE 
ALL THREE BITS1 THE 600 (T-TYPE* GROUP WILL 
IGNORE 6 & 7. 
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CFCOND^^CONDITION SELECTOR. A FEW RANDOM THINGS 

IN THE MIDDLE OF THE PAGE ARE TWO 74S151»S WHICH 
SELECT» FROM THE MICRO INSTRUCTION CONO FIELD. ONE 
OF 16 CONDITIONS. ZERO SELECTS HI (TRUE), 1 SELECTS 
INTERRUPT, ETC. MOST OF THE CONDITIONS ARE SELF 
EXPLANATORY. CONDITION 2. "MA-AC", IS TRUE IF MA 
BITS 18 TO 31 ARE ZERO. MEANING THE MA CONTAINS AN 
AC ADDRESS. CONDITION 3, "AC=0», REFERS TO THE 
AC FIELD OF THE IR BEING 0. CONDITION 12, REFERRED 
TO AS JCOND IN THE MICRO-CODE, USES BITS FROM THE 
IR OPCODE FIELD. AS WELL AS THE OUT=0 AND OUT<0 
AND ALU OV SIGNALS TO GENERATE THE CONDITION FOR A 
WHATEVER FLAVOR OF JUMP, SKIP, OR T-TYPE INSTRUCTION 
IS BEING EXECUTED. THE CONDITION IS TRUE IF THE 
INSTRUCTION SHOULD JUMP OR SKIP, AND FALSE IF IT 
SHOULD NOT. THE OUTPUT OF THE SELECTOR IS "XORED" 
WITH THE "REVERSE CONO" BIT OF THE MICRO INSTRUCTON. 

AT THE RIGHT IS A COMPONENT CARRIER WHICH HAS 
THE PULL-UP RESISTOR FOR THE OUT=0 LNE (WHICH IS 
OPEN-COLLECTOR) AND ANOTHER PULL-UP WHICH GENERATES 
"HI" FOR THE CARD. IT ALSO HAS A CAPACITOR TO HELP 
DE-BOUNCE THE CONTINUE SWITCH. 

AT THE LOWER LEFT ARE SOME GATES WHICH GENERATE 
THE MAIN-MEMORY READ AND WRITE REQUESTS, AND THE 
CYCLE-TYPE SIGNALS FOR THE MAP TO COMPARE WITH ITS 
ENABLES. READ REQUEST IS GENERATED WHENEVER THE MA 
IS STROBED, EXCEPT IF "STRT WRT" IS TRUE, IN WHICH 
CASE WRITE REQUEST IS GENERATED. IF NEITHER IS TRUE, 
NEITHER REQUEST IS GENERATED. IF "GONNA WRT" IS 
FALSE, EITHER "XEQ CY" OR "READ CY" IS GENERATED 
(EXCEPT IF THE MAP IS TURNED OFF). READ IS GENERATED 
UNLESS THE MICRO INSTRUCTION MAPF FIELO CONTAINS ZERO 
OR ONE, IN WHICH CASE XEQ IS GENERATED. 
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CFBUSC^BMAIN MEM CYCLE AND F-BUS CONTROL 

AT THE END OF EACH CYCLE, THE STATE OF THE FOUR 
REQUESTS (MEM REAO & WRITE* & IOB IN «. OUT) ARE 
STROBED INTO THE 7*175 AT THE UPPER LEFT. THIS 
HAPPENS AT THE SAME TIME THAT THE NEXT MICRO 
INSTRUCTION IS LOADED INTO THE MI. THE OUTPUTS OF 
THIS 74175. ALONG WITH SOME OTHER SIGNALS, THEN 
GO THROUGH SOME LOGIC, WHICH SETS UP FOR THE NEXT 
100 NANOSECONDS, TO DECIDE WHAT THE MEMORY AND 
F-BUS WILL BE DOING THIS CYCLE. AT THE END OF THE 
100 NANOSECONOS, BUS CLC HAPPENS, WHICH STROBES 
THE RESULTS OF THOSE DECISIONS INTO OTHER REGISTERS. 
TO THE RIGHT OF THIS 74175 IS A 74S175 WHICH HOLDS 
THE DMA AND CPU MEMORY-CYCLE STATES. ITS INPUTS 
COME FROM SOME 74S11»S. DMA REAO WILL HAPPEN THIS 
CYCLE, IF OMA RD RO IS TRUE (FROM THE F-BUS), AND 
IT IS NOT PREVENTED BY ANYTHING. OMA WRITE WILL 
HAPPEN THIS CYCLE IF DMA WRT RO IS TRUE, AND IT 
IS NOT PREVENTED. ANY CPU MEMORY CYCLE REQUEST 
OR ANY CPU IOT REQUEST (BECAUSE IT USES THE F-BUS) 
WILL PREVENT OMA CYCLES (THROUGH THE 74S02»S AND 
74S11 BELOW AND TO THE RIGHT OF THE 74175). ALSO, 
THEY MUST BE ENABLED BY "ENBL OMA RQS H» (SEE BELOW). 
IN ADDITION, IF THE NEXT (!) MICRO INSTRUCTION REQUESTS 
ANY F-BUS IOTS, DMA READS WILL BE PREVENTED (THE 74S02 
JUST BELOW THE 74175). THIS IS BECAUSE DMA READS 
TAKE TWO CYCLES (ONE TO FETCH THE DATA, AND ONE TO 
PUT IT OUT ONTO THE F-BUS AND HAVE THE DEVICE STROBE 
IT). OMA CYCLES ARE ALSO INHIBITTED IF "HARD REFR 
RQ" IS TRUE, SO THAT REFRESH CYCLES CAN HAPPEN. 

CPU MEMORY CYCLES (READ OR WRITE) HAPPEN WHENEVER 
THEY ARE REQUESTED, UNLESS THERE IS SOMETHING ILLEGAL 
ABOUT THE MAP. ALONG THE BOTTOM OF THE PAGE ARE 
THREE MORE 74S175»S WHICH HOLO VARIOUS OTHER INFORMATION 
ABOUT THE TYPE OF CYCLE BEING DONE. REFRESH CYCLES 
HAPPEN IF ONE IS REQUESTED, AND THE LAST CYCLE WAS 
NOT A REFRESH (THEY CANNOT HAPPEN ON SUCCESSIVE CYCLES) 
AND NO OMA OR CPU MEMORY CYCLE IS GOING TO HAPPEN. 
THEY ARE PERMITTED TO HAPPEN AT THE SAME TIME AS 
IOT CYCLES. BECAUSE THEY DON'T USE THE BUS. THERE 
ARE SEVERAL VERSIONS OF THE REFRESH SIGNAL. THE ONES 
LABELED SIMPLY "REFRESH" IS FOR LOCAL, ON-CARD, USE. 
THE ONES LABELED "REFRESH CY" ARE SEPERATE PARTLY 
FOR FAN-OUT. THEY GO TO THE MEMORY CARDS. "SHORT 
REFRESH CY" GOES TO THE "MAP" CARD AND IS SEPERATE FOR 
NOISE AND FAN-OUT REASONS. BOTH IT AND "REFRESH CY H" 
ARE CLEARED BY THE LEADING EDGE OF CPU CLC (150 NANO- 
SECONDS BEFORE THE NEXT BUS CLOCK) TO AVOID THEIR 
SLOPPING OVER INTO THE NEXT CYCLE. "CON1 LATCH CLC" 
IS SET (FROM HI) AT BUS CLC, ANO CLEARED 150 NANO- 
SECONDS BEFORE THE NEXT BUS CLC. TO HOLD A LATCH DUPING 
THAT PERIOD. F-BUS IOTS (IOB-IN S. OUT) HAPPEN WHENEVER 
REQUESTED. "DMA RD SECOND CY" IS TRUE DURING THE CYCLE 
FOLLOWING A OMA READ CYCLE, DURING WHICH THE READ DATA 
IS BEING PUT ON THE F-BUS ANO SHOULD BE STROBED. 



32- 



33 



m 



AT THE TOP MIDDLE IS A LATCHt MADE OUT OF A 
S64 AND TWO INVERTERS. THE NAME "ENBL MA IOA". IS 
NO LONGER AS MEANINGFUL AS IT WAS BEFORE THE DATA 
PATH LOGIC GOT CHANGED. THE LATCH IS OPEN (FEEDS 
ITS INPUT TO ITS OUTPUTI FROM JUST BEFORE CPU CLC 
TIME. UNTIL JUST AFTER BUS CLC TIME. AT WHICH TIME IT 
IS "LATCHED" INTO ITS CURRENT STATE AND HELD. IT 
DECIDES WHOSE AODRESS (CPU OR F-BUS — FOR DMA) SHOULD 
BE USED BY THE MEMORY FOR THIS CYCLE. IF EITHER TYPE OF 
DMA CYCLE IS GOING TO HAPPEN THIS CYCLt, THE OUTPUT OF 
THE 74S64 IS FORCED LOW. ENABLING THE F-BUS ADDRESS. 
OTHERWISE IT WILL BE HIGH. ENABLING THE MA (AND MAP). 
THIS IS DONE AS A LATCH BECAUSE THE SIGNAL MUST SET UP 
BEFORE BUS CLC. AND MUST LAST WELL INTO THE CYCLE. AFTER 
SOME OF ITS INPUTS MAY HAVE CHANGED. AT BUS CLC. THE 
LATCH LATCHES UNTIL NEAR THE END OF THE CYCLE. 

NEAR THE MIDDLE OF THE PAGE IS ANOTHER 74S64. ITS 
OUTPUT IS LOW IF A CPU OR REFRESH CYCLE IS GOING TO 
HAPPEN THIS TIME. THE 74S74 WHICH IT DRIVES IS STROBED 
AT BUS CLC. AND IF THE OUTPUT OF THE 74S64 IS LOW AT 
THAT TIME. THE FLIP-FLOP OUTPUT WILL GO LOW. CAUSING 
"EDGE STRT PULSE" TO GO HIGH. THIS CREATES THE RISING 
EDGE SENT TO THE MAP CARD. AND THENCE TO THE MEMORY 
CARDS, WHICH CAUSES THEIR CYCLE TO START. THE FLIP- 
FLOP IS CLEAR 100 NANOSECONDS LATER BY "MEM STRT CLR 
PULSE L". BELOW THE 7400 WHICH GENERATES EDGE STRT 
PULSE IS A 7474 WHICH PROVIDES THE SAME STARTING-EDGE 
PRODUCTION FUNCTION FOR DMA CYCLES. ONLY 100 NANOSECONDS 
LATER. 

IN THE UPPER RIGHT CORNER IS SOME LOGIC WHICH 
PROVIDES SEQUENCING FOR DMA REQUESTS. WHEN NOTHING 
DMA-ISH IS HAPPENING AND THERE ARE NO DMA REQUESTS. 
"BUS RQ STB" IS SENT EVERY CYCLE AT CPU CLC TIME. THIS 
CLOCK SIGNAL IS USEO BY THE DEVICE TO STOBE A FLIP-FLOP 
WITH THE STATE OF HIS INTERNALLY GENERATED DMA REQUEST. 
"BUS RQ STB" THEREFORE PROVIDES SYNCHRONIZATION OF 
REQUESTS. IF ON ANY CYCLE. ANY DEVICE SETS ITS REQUEST. 
IT WILL IMMEDIATELY PULL DOWN "SOME RQ L" (OPEN-COLLECTOR) 
WHICH THEN PREVENTS FURTHER "BUS RQ STB" PULSES FROM 
BEING SENT. THE 7474 GENERATING "ENBL DMA RQS" IS SET 
EACH BUS CLC. BUT CLEARED BY EACH "BUS RQ STB". SO THAT 
AS LONG AS "BUS RQ STB" IS BEING SENT. DMA RQS WILL BE 
IGNOREO. NOW THE RQ SITUATION IS STABLE. WITH SOME 
DEVICE OR DEVICES HAVING THEIR RQ FLIP-FLOPS SET. AMD 
THE PRIORITY DAISY CHAIN CAN DECIDE WHO WILL GET THE 
BUS — MOST OF A CYCLE IS ALLOWEO FOR THIS. WHEN THE 
DEVICE HAS DECIDED IT GETS THE BUS. IT MUST SEND EITHER 
"DMA READ SQ" OR "DMA WRT RQ". ALONG WITH THE MEMORY 
AODRESS. THE NEXT BUS CLC. SLIGHTLY MORE THAN ONE CYCLE 
AFTER THE LAST "BUS RQ STB" TO BE SENT. WILL BE THE 
FIRST TIME THAT DMA RQS HAVE BEEN ENABLED. AT THAT TIME. 
OR SOME SUBSEQUENT CYCLE. THE CYCLE-TYPE LOGIC DECIDES 
THE DMA CYCLE CAN HAPPEN. DURING THE CYCLE, "BUS DMA CY" 
IS TRUE. AND THE DEVICE SEES IT AND CLEARS ITS INTERNAL 
REQUEST LEVEL (BECAUSE THE CYCLE IS BEING DONE). AT 
THE END OF THE CYCLE. "BUS RQ STB" IS AGAIN SENT. WHICH 
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t ROBES AND CLEARS THE REQUEST FLIP-FLOP, AND WE ARE 
CK AT "GO". 
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CFMI -JfccRO INSTRUCTION REGISTER 

THIS DRAWING CONTAINS ALL BITS OF THE MICRO-CODE 
INSTRUCTION REGISTER WHICH ARE ON THIS (CON1) CARD. 
THE REGISTER IS MADE OF 74S174«S. ANO IS STROBED 
BV "MI CLC". CERTAIN BITS OF THE REGISTER ARE 
CLEARED BY RESET. TO INSURE THAT THE MI CONTAINS 
A NOP WITH RESPECT TO DATA <DEST AND SPEC-FUN =01 
AND A RESET FOR THE 2910 SEQUENCER. TO CLEAR ITS 
STACK. OTHER BITS OF THE MI ARE ON THE CON2 AND 
CON3 CARDS. 

CFLT1 — LAMP DRIVERS 

WHAT CAN ONE SAY ABOUT LAMP DRIVERS. 
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MAP CAI 

CFMAP4 — MAIN MEMORY CONTROL 

IN THE UPPER LEFT, "EDGE STRT PULSE" COMES ONTO 
THE CARD AND GOES INTO A DELAY-LINE. THIS IS 
TO ALLOW ADDRESS BITS. ETC. A LITTLE EXTRA TIME 
TO SET UP. THE 20 NANOSECOND TAP OF THE DELAY 
LINE IS USED. AND IS CALLED "MEM STRT PULSE". 
BELOW THE DELAY-LINE, IT GOES INTO SOMt 74S11«S 
WHICH "AND" IT WITH THE TRUE ANO FALSE FLAVORS 
OF ADDRESS BITS 17 ANO 18. AND SEND A START PULSE 
TO THE ADDRESSED PAIR OF MEMORY CARDS (EACH PAIR 
OF MEMORY CARDS HOLDS 128K WORDS I . NOTE THAT 
"SHORT REFRESH CY" — MEANING THIS IS A REFRESH 
CYCLE (SHORT REFERS TO THE LENGTH OF THE SIGNAL. 
NOT THE LENGTH OF THE CYCLE » — CAUSES THE START 
PULSE TO BE SENT TO ALL THE MEMORY CARDS, SO THAT 
ALL THE MEM CHIPS WILL BE REFRESHED. 

TO THE RIGHT OF THE FIRST DELAY-LINE IS ANOTHER 
DELAY-LINE. "MEM STRT PULSE" GOES INTO THIS ONE AND 
IS DELAYED A VARIABLE AMOUNT TO PRODUCE A PULSE WHOSE 
TIMING IS RIGHT FOR WRITE-STROBE. THIS PULSE IS 
"ANDED" WITH "MEM WRT TYPE H». WHICH IS TRUE FOR 
WRITE CYCLES. IN THE 74S00. THE OUTPUT OF THIS IS 
INVERTED AND CALLED "MEM WR ENB H" WHICH IS THE WRITE- 
STROBE SENT TO THE MEMORY CARDS. BELOW THE 7AS00 
IS A 7AS02 WHOSE OUTPUT WILL BE LOW FOR REFRESH AND 
WRITE CYCLES. AND HIGH FOR READ CYCLES. THIS SIGNAL 
AND THE DELAYED MEM STRT PULSE. SET THE "RD GO" 
FLIP-FLOP (7474), WHICH IS USED TO DECIDE WHETHER OR 
NOT TO CHECK PARITY <ECCI . BELOW ALL THIS ARE SOME 
74S1PS WHICH "AND" THE FLAVORS OF THE HIGH-ORDER 
ADORESS BITS, AND NOT-A-WRITE-CYCLE TO PRODUCE ONE 
SIGNAL PER PAIR OF MEMORY CARDS, WHICH IS HIGH IF 
THAT PAIR IS DOING A READ (OR REFRESH) THIS CYCLE. 
THE 74S11 OUTPUTS ARE STROBED INTO A 74S175 REGISTER 
BY THE DELAYED MEM STRT PULSE AND THE OUTPUTS OF 
THIS REGISTER ARE THE TRI-STATE OUTPUT ENABLES WHICH 
ENABLE THE READ-DATA OUTPUT OF THE APPROPRIATE PAIR 
OF MEMORY CARDS TO BE DRIVEN ONTO THE MEMORY DATA BUS. 
THIS REGISTER IS CLEARED, AND HELO CLEAR, ON WRITE 
AND REFRESH CYCLES (ON WRITE CYCLES, THE BUS HAS THE 
WRITE DATA) . 
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CFMPAD^fc ADDRESS SELECTORS 

AT THE BOTTOM OF THE PAGE ARE THREE 74S24PS WHICH, 
ON DMA CYCLES ("ENBL HA IOA" FALSE), ORIVE THE 1F-BUS 
ADORESS (IOA) ONTO THE COMMON MEMORY-CARD AODRESS 
LINES ("MEM P ADR X"). THE HIGH-ORDER AODRESS BITS. 
BITS 15-18. HAVE BOTH TRUE AND FALSE FLAVORS. BECAUSE 
THEY ARE DECODED. ON THE MAP CARO. TO OECIOE WHICH 
PAIR OF MEMORY CARDS IS BEING ADDRESSED. IN THE 
UPPER LEFT IS A 74S258 WHICH INVERTS AND DRIVES THESE 
BITS FROM THE IOA ONTO THE LOW "MEM P ADR" LINES. 
BELOW IT ARE TWO 7436S«S WHICH DRIVE MA BITS 27-35 
ONTO THE "MEM P ADR" LINES ON NON-DMA CYCLES. AT 
THE RIGHT EDGE OF THE PAGE ARE THREE 74S257»S WHTCH 
SELECT BETWEEN THE MA BITS 19 TO 26 AND THE MAP OUTPUT 
BITS 19 TO 26. BASED ON WHETHER OR NOT MAPPING IS TURNED 
ON. THEIR OUTPUT IS DRIVEN ONTO THE "MEM P ADR" LINES 
ON NON-DMA CYCLES. TO THEIR LEFT ARE A 74S2S7 AND 
74S258 WHICH PERFORM THE SAME FUNCTION FOR BOTH FLAVORS 
OF BITS 15 TO 18. NOTE THAT. SINCE THE MA IS AN 
18 BIT REGISTER. BITS 15. 16 AN 17 COME FROM THE 74175 
(UPPER MIDDLE), WHICH IS THE "HI ABS MA" REGISTER. 
IT IS LOADEO FPOM THE CORRESPONDING BITS OF THE 08US 
WHEN IT IS INDICATED AS A DESTINATION. 

CFMWDT — WRITE DATA DRIVERS 

IN THE TOP HALF OF THE DRAWING ARE SIX 74S241«S WHICH 
ORIVE THE WRITE DATA, INCLUDING THE SEVEN GENERATED 
ECC BITS (SEE BELOW) ONTO THE COMMON MEMORY DATA BUS 
("MEM OUT"), ON WRITE CYCLES. BELOW THESE ARE SOME 
GATES WHICH GENERATE THE ENABLES "EN W DAT" FOR THEM. 
IN THE LOWER RIGHT ARE SOME LAMP DRIVERS. 



ECC —J^ROR CORRECTING CODE — A FEW WORDS: 

THE PURPOSE OF THE ERROR CORRECTING CODE USEO IN THE 

F-3 IS TO CORRECT ALL SINGLE-BIT ERRORS, AND TO OETECT 

ALL TWO-BIT ERRORS (AS WELL AS SOME OTHERS). THIS 

IS DONE BY HAVING EXTRA BITS TO. SINCE THERE ARE 

36 DATA BITS. WHICH IS SLIGHTLY LARGER THAT 2»«5. 

8UT LESS THAN 2»»6. THE SINGLE-BIT CORRECTING MECHANISM 

WILL NEED SIX EXTRA BITS — SINCE IT WILL HAVE TO 

BE ABLE TO ADDRESS ONE OF 36 BITS. TO DETECT TWO-BIT 

ERRORS WILL REQUIRE ANOTHER EXTRA BIT* MAKING SEVEN 

ALTOGETHER. THIS MAKES A TOTAL (DATA PLUS EXTRA* OF 

43 BITS. 

NOW ANY SET OF 2»«N BITS CAN BE DIVIDED EVENLY 
INTO TWO SUB-SETS IN N DIFFERENT WAYS SUCH THAT NO 
TWO BITS ARE ELEMENTS OF EXACTLY THE SAME SET OF 
SUB-SETS. THAT IS TO SAY, IF A SET OF 2»»N BITS IS 
DIVIDED EVENLY INTO TWO SUBSETS, SAY A AND B (EACH 
HAVING 2»»(N-1> BITSI, THEN IF THE THE ORRIGINAL SET 
IS DIVIDED INTO TWO NEW SUBSETS, SAY C AND 0, SUCH 
THAT HALF OF THE A'S ARE IN C AND HALF IN D, AND 
HALF OF THE B ARE IN C AND HALF IN 0; AND IF THIS 
PROCESS IS CONTINUED UNTIL "N" SUB-SET DIVISIONS HAVE 
OCCURED, THEN EACH BIT WILL HAVE A UNIQUE SET OF 
LETTERS ASSOCIATED WITH IT. THERE ARE SEVERAL WAYS 
OF DOING THIS DIVISION (ALL OF THEM EQUIVALENT). THE 
SIMPLEST IS TO NUMBER THE BITS, IN ANY ARBITRARY ORDER. 
FROM TO 2«»N. THEN REPRESENT THE NUMBER OF EACH BIT 
IN BINARY. NEXT. THERE IS A SUB-SET DIVISION FOR EACH 
BIT OF THE BIT-NUMBER, A GIVEN BIT GOING INTO ONE 
SUBSET IF THE APPOPRIATE BIT OF ITS BIT-NUMBER IS A 
ONE, AND THE OTHER SUB-SET IF IT IS A ZERO. SINCE EACH 
BIT HAS A UNIQUE BIT-NUMBER, EACH WILL BE IN A UNIQUE 
SET OF SUB-SETS. 

NOW IF THE ORRIGINAL PARITY OF ONE OF EACH PAIR 
OF SUB-SETS WAS KNOWN, AND A SINGLE BIT CHANGES, THE 
PARITY OF ONLY THOSE SUBSETS WHICH THE BIT IS IN WILL 
CHANGE, AND, SINCE THE SUB-SET DIVISION IS UNIQUE FOR 
EACH BIT, FROM THE COMBINATION OF WHICH SUB-SETS ARE 
IN ERROR, IT IS POSSIBLE TO TELL WHICH BIT CHANGED. 

TO BE MOPE SPECIFIC, IN THE F-3 EACH BIT IS 
ASSIGNED (TEMPORARILY) A 6-BIT NUMBER. THIS NUMBER 
IS UNRELATED TO THE REGULAR LEFT-TO-RIGHT BIT NUMBERING. 
THE SIX ECC BITS ARE INCLUDED, ANO ARE GIVEN THE 
NUMBERS 01, 02. 0*. 10. 20. AND 40 (IN OCTAL). SINCE 
THERE ARE FEWER THAN 64 BITS, SOME NUMBERS WILL BE 
ASSIGNED TO NO BIT. THESE NON-BITS ARE ASSUMED TO BE 
ALWAYS ZERO. NOW THE BITS ARE GROUPED INTO SIX GROUPS 
(NOT GROUPS IN THE MATHEMATICAL SENSE), BASED ON WHETHER 
OR NOT THE APPROPRIATE BIT OF ITS BIT-NUMBER IS ON. 
THERE IS A "01" GROUP WHICH HAS ALL THOSE BITS WHOSE 
BIT-NUMBER IS ODO. THERE IS AN "02" GROUP WITH THOSE 
BITS WHOSE BIT-NUMBER HAS THE "2" BIT ON. AND SO ON 
FOR THE "04", "10", "20", AND "40" GROUPS. NOTE THAT 
EACH GROUP HAS ONE ECC BIT. AND EACH ECC BIT IS IN 
EXACTLY ONE GROUP. NOW, WHEN EACH WORD IS STORED. ITS 
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C BITS ARE GENERATED IN SUCH A WAY THAT THE PARITY 
THE GROUP IS ODD. THE BIT-NUMBER "00" IS NOT 
ASSIGNED TO ANY EXISTING BIT. WHEN THE WORD IS READ 
BACK. IF ANY ONE BIT HAS CHANGED. ONE OR MORE OF THE 
GROUPS WILL HAVE INCORRFCT PARITY (SINCE THERE IS NO 
BIT "00"». IF ONLY ONE GROUP HAS INCORRECT PARITY. 
IT WAS AN ECC BIT WHICH CHANGED, AS THEY ARE THE ONES 
WHOSF BIT NUMBERS HAVE ONLY ONE BIT ON; ALL OTHER BITS 
ARE IN AT LEAST TWO GROUPS. IF THE SIX ERROR BITS 
ARE GIVEN THE WEIGHT OF THE GROUP 101. 02. 04. ETC.) 
AND SUMMEO. THE RESULT WILL BE THE BIT-NUMBER OF THE 
BIT IN ERROR. 

TWO-BIT ERRORS ARE DETECTED BY HAVING A PARITY 
BIT FOR THE WHOLE 42-BIT WORD (DATA PLUS ECC BITS). 
IF TWO BITS ARE IN ERROR. THEIR ERROR BITS CANNOT 
CANCEL EACH OTHER. SINCE EACH GENERATES A UNIQUE PATTERN. 
TO PUT IT ANOTHER WAY. THERE MUST BE AT LEAST ONE 
ECC GROUP TO WHICH ONE OF THE BITS BELONGS. AND THE 
OTHER DOES NOT. THEREFORE. THERE WILL BE AT LEAST 
ONE ECC ERROR BIT GENERATED. ON THE OTHER HAND, SINCE 
TWO BITS HAVE CHANGED. THE WHOLE-WORD PARITY WILL BE 
CORRECT. THE AND OF THESE TWO CONDITIONS DETECTS A 
TWO (OR MORE! BIT ERROR. 



CFMECC^fc ECC BIT GENERATORS 

THIS DRAWING CONTAINS SIX PARITY NETWORKS; EACH 
6ENERATES THE PARITY FOR ONE ECC GROUP. SINCE 
THE MAIN MEMORY DATA BUS ("MEM OUT'M IS COMMON FOR 
READS AND WRITES, THESE GENERATORS WORK FOR 80TH. 
THE ONLY DIFFERENCE BEING THAT ON READSt THE ECC 
BIT IS INCLUDEO IN THE CALCULATION. FOH CHECKING. 
AND ON WRITES IT IS NOT. SINCE IT IS BEING GENERATEO. 

CFMDMX — BIT-IN-ERROR LOGIC 

ON THIS PAGE ARE THE DECODERS WHICH GENERATE. FROM 
THE SIX ECC GROUP PARITY CHECKERS. THE BIT-IN-ERROR 
SIGNAL. THERE IS ONE OUTPUT FOR EACH BIT (36 OUTPUTS) 
AND THE OUTPUT ("CORRECT BIT X L"» IS LOW IF THAT 
BIT IS THE ONE IN ERROR. AND HIGH FOR ALL THE OTHER 
BITS. ONLY ONE BIT CAN BE LOW. 

CFMXOR — ERROR-BIT CORRECTORS 

THIS DRAWING HAS 36 INVERTERS (BECAUSE THE "CORRECT 
BIT X L" SIGNAL IS LOW-TRUE! AND 36 XOR»S. EACH 
CORRECTION BIT IS XORED WITH THE DATA BIT. SO THAT 
THE BIT IN ERROR WILL BE INVERTEO. AND ALL THE OTHERS 
LEFT ALONE. THE INVERTER INVERTS THE DATA BIT. INSTEAD 
OF THE CORRECTION BIT (WHICH IS EQUIVALENT BECAUSE OF 
THE LOGICAL PROPERTIES OF XOR» BECAUSE THE DATA BIT 
IS AVAILABLE FIRST — THIS WAY IT'S FASTER. 
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CFMERS^fc tCC ERROR SIGNAL LOGIC I 

IT IS THE NATURE OF THE XOR FUNCTION THAT THE Xok 
OF A BIT WITH ITSELF IS ZERO. INOEPENENT OF THE STATE 
OF THE BIT. INDEED, THE XOR OF A BIT WITH ITSELF ANY 
EVEN NUMBER OF TIMES IS ZERO. AND THE XOR OF A BIT 
WITH ITSELF ANY ODD NUMBER OF TIMES IS EQUIVALENT TO 
THE BIT ITSELF. THEREFORE* ANY XOR OF LOTS OF BITS. 
WHICH HAS SOME BIT ENTERED MORE THAN ONCE. IS SUBJECT 
TO SIMPLIFICATION. BY HAVING ENTRIES OF THE SAME BIT 
CANCELED IN PAIRS. IN THE UPPER LEFT OF THIS DRAWING 
IS SOME LOGIC WHICH GENERATES THE WHOLE-WORD PARITY. 
THIS PARITY IS. IN PRINCIPLE. THE XOR OF ALL 42 
BITS. DATA AND ECC. BUT EACH ECC BIT IS THE XOR OF 
SOME OF THE DATA BITS. CONSEQUENTLY. THE WHOLE-WORD 
PARITY IS THE XOR OF THE 36 DATA BITS, SOME OF THEM 
ENTEREO MORE THAN ONCE. THIS IS EQUIVALENT TO THE 
XOR OF ALL THE DATA BITS WHICH ARE ENTERED AN ODD 
NUMBER OF TIMES. THE LOGIC IN THE UPPER LEFT FORMS 
THE XOR OF JUST THOSE BITS, AND THIS IS THE WHOLE-WORD . 
PARITY BIT <"STO WORD PAR"). 

SINCE ON READ. THE ECC BITS ARE JUST BITS, NOT 
XORS, REGARDLESS OF HOW THEY. WERE ORRIGINALLY GENERATED, 
THEY MUST BE INCLUDED IN THE PARITY CALCULATION. THEREFORE, 
ALL 36 DATA BITS MUST BE INCLUDED ALSO. TO SAVE LOGIC, 
THE DATA BITS GOING TO THE ECC BIT GENERATORS WERE 
DISTRIBUTED BETWEEN THE TWO PARITY CHIPS CCFMECC DRAWIN6) 
FOR THREE OF THE ECC GROUPS IN SUCH A WAY AS TO HAVE 
THE ONES NOT INCLUDED ON THE CFMERR PAGE GO TO ONE OF 
THE PARITY CHIPS, AND THE OTHERS TO THE OTHER, SO THAT 
THOSE THREE CHIPS WOULO GENERATE THE XOR OF THE LEFT-OUT 
BITS (EXCEPT FOR BIT 3». THIS IS THE SOURCE OF THE 
"WPO", «WPI«, AND "WP2" SIGNALS. AT THE BOTTOM LEFT 
IS THE XOR OF THE ECC BITS, THE WHOLE-WORD PARITY BIT, 
AND OATA BIT 3. THE 74S280 IN THE MIDDLE OF THE PAGE 
FORMS THE XOR OF ALL THESE THINGS. TO GENERATE THE 
WHOLE-WORD PARITY CHECK FOR READ. 

TO THE RIGHT, THE SIX ECC ERROR BITS ARE ORED 
TOGETHER, TO GENERATE A SIGNAL WHICH IS TRUE IF ANY 
ERROR OCCURS ("ECC ERROR H">. THIS IS ANDED WITH 
"WORD PAR ODD H" AND THE »RD GO" FLIP-PLOP TO PRODUCE 
THE "ECC MULTIPLE ERROR H" SIGNAL, WHICH, AFTER BEING 
SYNCHRONIZED, AND IF THE SWITCH IS ON, HALTS THE MACHINE. 



CFMSAvM^ERROR SAVE REGISTER 

THE REGISTER CHIPS ON THIS PAGE STROBE THF STATE 
OF THE ECC ERROR BITS. THE HARO-ERROR SIGNAL. AND 
THE MEMORY ADDRESS. ON EVERY CYCLE UNTIL THEY STROBE 
ONE THAT ACTUALLY HAS AN ERROR. WHICH THEY HOLO ONTO 
UNTIL CLEARED BY THE MICRO CODE ("CLEAR Ml ERROR L"> . 
THIS MAKES THE INFORMATION ABOUT ANY FCC ERROR WHICH 
OCCURS AVAILABLE TO THE MICRO-CODE SO IT CAN LOG 
THE ERROR IF IT WISHES. 

CFMAP3 — DATA SELECTORS & DRIVERS FOR IOTS TO THE MAP. ETC. 

THE 74LS257.S ON THIS PAGE SELECT. IN ONE CASE THE 
ERROR SAVE REGISTER <SEE ABOVE) AND IN THE OTHER CASE 
THE OUTPUT OF THE MAP, AND A FEW RANDOM BITS. THE 
CHOICE IS BASED ON THE SUB-SEL 2 BIT. THIS DATA IS 
DRIVEN ONTO THE F-BUS DATA LINES WHEN AN INPUT IOT 
IS DONE TO DEVICE NUMBER 1. THIS IS HOW THE MICRO- 
CODE LOOKS AT THIS STUFF. 

CFMAP1 — MAP MEMORY AND LOGIC 

THIS PAGE HAS THE MEMORY CHIPS FOR THE MAP. EXCEPT 
THE "VALID" (OR ENTRY PRESENT* BIT. THEY ARE 2125 
IK RAM CHIPS. THE ADDRESS COMES FROM THE HIGH-ORDER 
NINE MA BITS. AND "LOCAL USER". "LOCAL USER" COMES 
FROM THE 74S194 SHIFT REGISTER AT THE TOP OF THE PAGE. 
ITS PURPOSE IS DESCRIBED IN DETAIL IN THE "MAP" SECTION 
ABOVE. THE 74S194 IS CLOCKED EVERY CYCLE. BUT ON 
MOST CYCLES THE CONTROL INPUTS ARE BOTH LOW. AND THE 
CHIP DOES NOTHING. EXCEPTIONS ARE: WHEN "GONNA MEMSTO" 
IS TRUE (MEANING THE MEMORY IS DOING A CPU WRITE) THE 
UPPER CONTROL INPUT IS HIGH, AND THE SHIFT REGISTER 
SHIFTS ONE BIT; WHEN THE SHIFT REGISTER IS INDICATED 
AS A DESTINATION (DEST MAP SRI, OR THE CRYOV REGISTER 
IS INDICATED AS A DESTINATION (MI DEST CRYOV), OR 
THE LOGIC ON CON1 OECIDES THE NEXT MACHO-INSTRUCTION 
IS BEING FETCHED, BOTH CONTROL INPUTS WILL BE HIGH, 
AND THE SHIFT RE6ISTER WILL LOAD. THE DATA LOADED 
COMES FROM THE OBUS, WHEN THE SHIFT REGISTER ITSELF 
IS THE DESTINATION, OR FROM THE CRYOV USER BIT (OR 
THE DATA HEADED FOR IT) IN THE OTHER CASES. 

AT THE RIGHT MIDDLE IS A 74S64 WHICH DECIDES. 
FROM THE TYPE OF CYCLE SIGNALS, ANO THE TYPE OF CYCLE 
"PREVENT" BITS FROM THE MAP, WHETHER OR NOT THE CYCLE 
IS LEGAL TO THE CURRENT ADDRESS ("LEGAL MAP H") . 
ABOVE THIS ARE SOME GATES WHICH GENERATE THE "MAP OOPS 
DISP" SIGNALS. THIS IS THE "OR" OF A NUMBER OF CONDITIONS, 
ANDDED WITH "THE MA IS NOT AN AC". THE CONDITIONS 
WHICH CAUSE THE "OOPS", FROM TOP TO BOTTOM, STARTING 
WITH THE FIRST SIGNIFICANT 74S64 INPUTS, ARE: WRITE 
CYCLE AND MAP TURNED ON AND WRITES ILLEGAL! MAP TRAP 
REQUESTED ("MI MAPF IF") AND WRITE TRAP REQUESTED 
("MI OEST 1") AND MAP ON AND WRITES ILLEGAL! MAP TRAP 
REQUESTED AND MAP NOT VALID (NO ENTRY)! WRITE CYCLE 
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ID MAP NOT VALID! OR MAP TRAP REQUESTED AND CYCLE 
PE ILLEGAL l"LEGAL MAP H"). 



CFMApg^fc MAP VALID (ENTRY PRESENT) BIT. MAP CLEAR* MA-AC 

IN THE LOWER RIGHT CORNER OF THIS DRAWING ARE GATES 
WHICH ANO TOGETHER THE LOW LEVEL OF MA BITS 18 TO 31. 
THIS ANO FORMS THE MA-AC SIGNAL. WHICH MEANS THAT THE 
MA HAS AN AC ADORESS. 

ACROSS THE UPPER RIGHT ARE EIGHT 29721 256 BIT 
RAMS WITH THFIR OUTPUTS (TRI-STATE) TIED TOGETHER. 
ALSO» THEIR DATA INPUTS AND ADDRESS INPUTS ARE TIED 
TOGETHER. ONE OF THE ADDRESS INPUTS IS GROUNDED. SO 
EACH USES ONLY 128 BITS. 126 TIMES 8 IS IK. THESE 
STORE THE "VALID" BITS FOR THE MAP. WHEN THE BIT 
IS HIGH. THERE IS A MAP ENTRY AT THAT LOCATION. DURING 
NORMAL OPERATIONS. THE 74S157»S SELECT THE MA AS THE 
AODRESS (MA BITS 25 & 26, AND LOCAL USER. ARE DECOOED 
TO FORM THE CHIP-ENABLES) AND THE OUTPUT WILL BE 
THE BIT TO TELL IF THE ENTRY IS PRESENT. IF AN ENTRY 
IS STORED ("MAP WRT PULSE") THE BIT ADDRESSED BY THE 
MA WILL BE WRITTEN AS A 1 CUNLESS OBUS BIT 9 IS ON). 
INDICATING PRESENCE OF AN ENTRY. 

THE EXCEPTION TO ALL THIS OCCURS WHEN IT IS TIME 
TO CLEAR THE WHOLE MAP. THE 74S161«S AT THE LEFT ARE 
NORMALLY HELO AT ZERO BY THEIR CLEAR INPUTS BEING LOW. 
WHEN "MI CLR MAP L" OCCURS* THE FIRST 74109 WILL. ON 
THE NEXT 10 MHZ CLOCK EDGE. BE CLEARED. THIS CAUSES 
THE "MAP CLR" CONDITION TO BECOME TRUE. WHICH, THROUGH 
THE 74S02«S AND 74S51'S BELOW THE MEM CHIPS. CAUSES 
ALL EIGHT MEM CHIPS TO BE ENABLED AT THE SAME TIME. 
THE UPPER OUTPUT OF THE 74109 GOING LOW CAUSES THE 
WRITE ENABLE TO GO TRUE (LOW) TO THE EIGHT CHIPS. AND 
ALSO CAUSES THE ADDRESS SELECTORS TO SELECT THE 
74S161 COUNTER INSTEAD OF THE MA. 100 NANOSECONDS 
LATER. THE SECOND 74109 WILL BE CLEARED. ITS LOWER 
OUTPUT GOING HIGH FORCES THE DATA INPUTS TO THE MEM 
CHIPS TO GO HIGH (ZERO) AND ALSO RELEASES THE 74S161 
COUNTER. WHICH COUNTS AT 20 MHZ. THIS CONDITION LASTS 
UNTIL THE COUNTER'S EIGHTH (HIGH-ORDER) BIT COMES ON. 
WHICH MEANS IT HAS COUNTED THROUGH ALL 128 ADDRESSES. 
WHEN THE HIGH-ORDER BIT COMES ON. THE FIRST 74109 
IS SET (ON THE NEXT 10 MHZ CLOCK) WHICH RELEASES 
THE MEM-CHIP WRITE-ENABLE AND CHIP-ENABLES. 100 
NANOSECONDS LATER. THE SECOND 74109 IS SET, WHICH 
RELEASES THE ADDRESS SELECTOR (BACK TO MA) AND THE 
DATA INPUT. NOW EVERYTHING IS BACK TO NORMAL. NOTE 
THAT THE SCHEME (WHICH WORKS) FOR WRITING ZERO'S INTO 
ALL BITS OF EACH MEMORY CHIP IS TO HOLD ITS WRITE 
ENABLE TRUE. WHILE CYCLING THROUGH ALL THE AODRESSES. 
THIS WORKS, IN SPITE OF TECHNICALLY VIOLATING VARIOUS 
SET-UP AND HOLD TIME SPECIFICATIONS. BECAUSE THE SAME 
DATA IS BEING WRITTEN IN ALL LOCATIONS. THE SET-UP 
AND HOLD SPECS ARE TO ENSURE THAT WHEN WRITING INTO 
A LOCATION. OTHER LOCATIONS ARE NOT CHANGED. 

IN THE MIDDLE OF THE PAGE, AN 8097 (WHICH IS THE 
SAME AS A 74367) BUFFERS THE "NO MAP L" SIGNAL. WHICH 
IS THE MAP-TURNED-ON LEVEL. THIS. AT THE TOP OF THE 
PAGE. CAUSES THE "NO ENTRY" LEVEL TO BE DRIVEN FALSE 



"~ "«EN THE MAP IS TURNED OFF. 
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CFSH2 -- ANOTHER THIRD OF THE ROTATOR 

THIS DRAWING HAS EIGHT 25S10«S» AND TWO 74S153«S» 
WHICH TAKE THE OUTPUT OF THE 25S1CS (ON THE BIT- 
SLICE BOARDS) WHICH ROTATE THE EXTERNAL DATA BY 
0, 1. 2 OR 3, AND THEY ROTATE IT BY 0, 4, 8 OR 12. 

CFSH3 — ANOTHER THIRD OF THE ROTATOR 

THIS DRAWING HAS EIGHT 25S10«S» AND TWO 74S153«S« 
WHICH TAKE THE OUTPUT OF THE PREVIOUS PAGEt WHICH 
HAS BEEN ROTATED BY SOME AMOUNT FROM TO 15» 
ANO THEY ROTATE IT BY 0. 16» 32, OR 48. 



CFACSL — AC SEL REGISTER, MASK SIZE, CONSTANT GENERATOR 

AT THE UPPER LEFT IS A 74161, WHICH IS THE AC-SEL 
REGISTER/COUNTER. IT IS LOADED <ON MICRO-CODE 
COMMAND* FROM THE OBUS. IT ALSO COUNTS (ON MICRO- 
CODE COMMAND!. BELOW IT IS A 74283 4-BIT ADDER 
CHIP, WHICH FORMS "AC*1" — IT TAKES THE 4-BIT CONTENTS 
OF THE IR AC FIELD, AND ADDS ONE. TO THE RIGHT ARE 
FOUR 74153' S WHICH SELECT THE AC ADDESS TO BE USED. 
THEY ARE DIRECTLY UNDER CONTROL OF THE MICRO INSTRUCTION 
"AC SEL" FIELD, AND SELECT THE AC-SEL REGISTER, IR 
INOEX FIELD, LOW ORDER MA, IR AC FIELD, OR "AC*1" ADDER. 
NOTE THAT THE "A" ANO "B" AC SEL'S ARE THE SAME, EXCEPT 
FOR CODE "1", WHICH CAUSES A TO BE THE IR INDEX FIELD, 
AND B TO BE THE MA. THIS IS BECAUSE THE INDEX IS NEVER 
USED AS A STORE ADDRESS — ALL AC STORES IN THE 2901 
ARE TO THE "B" ADDRESS. 

IN THE UPPER RIGHT ARE TWO 74S157«S WHICH SELECT 
BETWEEN THE MICRO INSTRUCTION MASK SIZE FIELD. AND 
THE MASK SIZE REGISTER (THE 74174). BELOW THEM ARE 
SOME GATES WHICH, WITH THE BOTTOM HALF OF THE LOWER 
74S157 GENERATE THE CONSTANT. WHEN THE "MASK SEL R" 
BIT IS OFF, THE CONSTANT IS JUST THE MI MASK FIELD. 
WHEN IT IS ON, THE CONSTANT IS »1»,1" (BITS 17 AND 
35 ON). THE OTHER 29 CONSTANT BITS ARE ALWAYS ZERO, 
AND ARE GROUNOED AT THE BIT-SLICE BOARDS. 
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CFCRY ^pRVOV REGISTER ANO ALU SHIFT END-CONDITIONS 

At THE TOP OF THE PAGE IS THE LOGIC FOP THE 2901 SHIFT 
END-CONDITIONS. THE 2901 IS CAPABLE OF LOADING ITS 
DESTINATION AC WITH THE RESULT SHIFTED BY ONE* LEFT 
OR RIGHT. AT THE SAME TIME. IT CAN SHIFT THE Q 
REGISTER BY ONE IN THE SAME DIRECTION. THE LEFT (HIGH- 
ORDER) END OF THE Q REGISTER AND THE RIGHT (LOW-ORDER) 
END OF THE AC DATA ARE CONNECTED TOGETHER FOR SHIFTING. 
THEREFORE. FOR SHIFT PURPOSES. THE Q AND AC ARE A 
DOUBLE WORD. WITH THE AC THE HIGH-ORDER PART. AND THE 
Q THE LOW-ORDER PART. THE 74S253 SELECTS THE DATA 
TO 60 TO THE HIGH-ORDER AC. OR THE LOW-ORDER Q (OEPENDING 
ON THE SHIFT OIRECTION) . THE SELECTION IS BASED ON THE 
LOW ORDER TWO BITS OF THE MASK FIELD. ZERO SELECTS 
ROTATE MODE (HIGH-ORDER AC FROM/TO LOW-ORDER Ql . ONE 
SELECTS "ARITHMETIC" MODE (ZERO INTO LOW END. SIGN BIT 
DUPLICATED INTO HIGH END), TWO SELECTS "LOGICAL" MODE 
(ZEROS). AND THREE SELECTS "MUL/OIV" MODE. IN "MUL/DIV" 
MODE. LOW-ORDER GETS THE SIGN BIT (HIGH-ORDER ACI 
INVERTEO (FOR DIVIDE!. ANO HIGH-ORDER AC GETS THE XOR 
OF THE SIGN AND OVERFLOW IFOR MULTIPLY). THE SHIFT 
CONNECTION PINS ON THE 2901 ARE TRI-STATE. AND ARE 
INPUTS IF THE SHIFT IS IN ONE DIRECTION, AND OUTPUTS 
IN THE OTHER. THE DIRECTION IS DETERMINED BY THE 
"ALU D2» CONTROL BIT. SO THIS BIT ALSO DETERMINES 
WHICH SECTION OF THE 74S2S3 IS ENABLED. 

THE LOWER HALF OF THE PAGE HAS THE CRYOV REGISTER. 
BITS 4 THROUGHT 12 (EXCEPT 10. THERE IS NO BIT 10) 
ARE SIMPLY LOADED FROM THE SAME BIT OF THE OBUS WHEN 
THE CRYOV REGISTER IS INDICATED AS DESTINATION ("STB 
CRYOV"). ALSO. BIT 4 ICRYOV HALF) CAN BE CLEARED BY 
A MICRO-CODE SPECIAL FUNCTION ("CLR HALF L"). THE 
HIGH-ORDER FOUR BITS ARE LOADED IN TWO DIFFERENT WAYS. 
IF CRYOV IS INDICATED AS A DESTINATION. "MI OEST CRYOV L" 
WILL BE TRUE (LOW! WHICH WILL CAUSE THE 74157 TO BE 
ENABLED, AND TO SELECT OBUS, WHICH WILL GO TO THE »J" 
INPUTS ON THE 74109»S. ALSO IT WILL ENABLE OBUS INTO 
THE "-K" INPUTS. THROUGH THE 7432«S. ON THE NEXT CLOCK. 
THE CRYOV BITS WILL BE SET FROM THE OBUS. IF THE 
LOAD CRYOV SPECIAL FUNCTION IS INDICATED. THE "MI LD 
CRYOV L" SIGNAL WILL BE LOW. ENABLING THE 74157 AND 
CAUSING IT TO SELECT THE ALU OVERFLOW AND CARRY INFORMATION. 
THIS THEN GOES TO THE "J" INPUTS. WHILE THE »-K" INPUTS 
REMAIN HIGH. ON THE NEXT CLOCK, ANY 74109 WHOSE INPUT 
IS TRUE WILL BE SET, BUT NONE OF THEM WILL BE CLEARED 
(THE NEW DATA WILL BE "ORED" INTO THE REGISTER). IF 
NEITHER OF THESE FUNCTIONS IS INOICATEO, THE 74157 
AND THE 7432IS WILL BE DISABLED, SO THE "J" INPUTS WILL 
ALL BE LOW, AND THE "-K" INPUTS HIGH, AND THE FLIP-FLOPS 
WILL NOT CHANGE. 
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CFGPR ^BtLU CARRY LOOK-AHEAD. ROT SIZE. PART OF MASK GEN. 

MASK GENERATOR! s: 

THE UPPER PART OF THE DRAWING HAS SOME 74S08«S AND 
74S32-S WHICH ARE THE FIRST PART OF THE MASK GENERATOR. 
THE GROUP OF GATES ON THE RIGHT TURN THE LOW-ORDER 
THREE BITS OF THE "MASK-SIZE" FROM A BINARY NUMBER 
INTO A UNARY NUMBER. AS FOLLOWS (NUMBERS IN OCTAL I : 
BINARY UNARY 



1 1 

2 3 

3 7 

4 17 

5 37 

6 77 

7 177 

THESE SEVEN UNARY BITS ARE "MML 1" (LOW-ORDER) THROUGH 
"MML 7" (HIGH-ORDER). THE GATES IN THE LEFT GROUP 
DO THE SAME THING FOR THE HIGH-ORDER THREE BITS OF THE 
MASK SIZE (WHEN "LEFT ONLY" IS NOT TRUE). SO. FOR 
EXAMPLE. "MMH 10" IS TRUE IF ANY OF THE THREE BITS IS 
ON. WHICH MEANS IT IS TRUE IF THE "MASK SIZE" IS 10 
OR LARGER. "MMH 30" IS TRUE IF THE MASK SIZE IS 30 
OR LARGER. ANO SO ON. SINCE THERE ARE ONLY 44 (OCTAL) 
BITS IN A WORD. "MMH 50" IS THE LARGEST OF THESE WHICH 
IS NEEDED. THESE SIGNALS ARE SENT TO THE BIT-SLICE 
BOARDS. WHERE SOME LOGIC GENERATES THE ACTUAL MASK 
. BITS. THIS IS DONE AS FOLLOWS. THE WORD IS DIVIDED 
INTO 8-BIT GROUPS. STARTING AT THE LOW ORDER END. 
SO THE LOW-ORDER EIGHT BITS ARE IN THE "00" GROUP. 
THE NEXT EIGHT ARE IN THE "10" 6R0UP. THE NEXT IN THE 
"20" GROUP. AND SO ON. THE "40" GROUP IS INCOMPLETE. 
CONTAINING ONLY THE HIGH-ORDER FOUR BITS. A GIVEN BIT 
IN A GROUP IS ON IF THE CORRESPONDING "MMH" SIGNAL 
IS TRUE. AND THE CORRESPONDING "MML" SIGNAL IS TRUE. 
OR. THE WHOLE GROUP IS ON IF THE NEXT-HIGHER "MMH" 
SIGNAL IS TRUE. THE "MMH 00" SIGNAL IS CONSIDERED 
TO BE ALWAYS TRUE. SO. FOR EXAMPLE. THE "23" BIT 
(WHICH IS THE BIT 23 OCTAL FROM THE RIGHT END. BIT 
35 BEING THE "1" BIT) WILL BE ON IF "MMH 20" IS TRUE 
(MEANING MASK-SIZE IS AT LEAST 20) AND "MML 3" IS 
TRUE (MEANING THE LOW-ORDER THREE BITS OF MASK-SIZE 
IS AT LEAST 3. ANO THEREFORE MASK-SIZE IS AT LEAST 23) 
OR IT WILL BE ON IF "MMH 30" IS TRUE (MEANING MASK-SIZE 
IS AT LFAST 30. 

IN THE LOWER LEFT OF THE PAGE ARE THREE 74S182 
LOOK-AHEAO CARRY CHAIN CHIPS. HOOKED TO THE ALU "GENERATE" 
AND PROPAGATE AND CARRY-IN IN THE STANDARD WAY. IN THE 
LOWER RIGHT ARE THE 74S157 "POT-SIZE" SELECTORS. WHICH 
SELECT EITHER THE "ROT-SIZE" FIELD FROM THE MICRO 
INSTRUCTION. OR THE "ROT SIZE" REGISTER. WHICH IS THE 
74174. 
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CFION ^MEVICE ADORES REGISTER (. DRIVERS. A-MEM ADDRESS. ETC. 

ACROSS THE LOWER LEFT OF THIS DRAWING IS THE LOGIC 
WHICH HANDLES I/O INTERRUPTS. WHEN ANY DEVICE WISHES 
TO INTERRUPT* IT PULLS DOWN "106 ANY INT L". WHICH 
IS OPEN COLLECTOR. IF NO OTHER INTERRUPT IS GOING 
ON AT THE TIME. THE NEXT CPU CLC WILL SET THE 7474 
WHOSE OUTPUT IS LABELLED "INTERRUPT". THIS IS THE 
SIGNAL WHICH GOES TO THE "DISPATCH" LOGIC. CAUSING 
THE NEXT "DISPATCH" MICRO INSTRUCTION TO GO TO 
MICRO-CODE "7". INSTEAD OF SOMEWHERE BASEO ON THE 
OP-CODE IN THE IR. "INTR DISP H" (AT THE LEFT! IS 
TRUE ON THE CYCLE WHEN THAT DISPATCH HAPPENS. CAUSING 
THE 74109 TO BE STROBED. AND SET ISINCE INTERRUPT IS 
TRUE). THIS MAKES ITS LOWER OUTPUT LOW. CLEARING THE 
INTERRUPT FLIP-FLOP AND CAUSING THE 7474 NEXT TO THE 
74109 TO BE CLEARED AT THE NEXT CPU CLC. MAKING 
FURTHER INTERRUPTS INVISIBLE UNTIL THIS ONE HAS BEEN 
HANDLED. THE INTERRUPT MICRO-CODE. WHEN IT IS THROUGH 
THINKING ABOUT THIS INTERRUPT. WILL GO BACK TO FETCHING 
INSTRUCTIONS. AND DISPATCHING ON THEM. THIS NEXT 
DISPATCH AGAIN STROBES THE 74109. AND CLEARS IT. ONE 
CYCLE LATER THE 7474 NEXT TO IT WILL BE SET. MAKING 
THE NEXT INTERRUPT VISIBLE. ABOVE ALL THIS LOGIC ARE 
TWO 74157«S WHICH SELECT THE ADDRESS TO BE SENT OUT 
ON THE F-BUS DEVICE AODRESS LINES (ION). NORMALLY 
THIS IS THE ADDRESS IN THE DEV-ADR REGISTER. WHICH 
IS THE UPPER 74174. WHICH IS LOADEO FROM THE OBtJS WHEN 
INDICATED AS A DESTINATION. WHEN AN INTERRUPT IS IN 
PROGRESS. AS INDICATED BY THE 74109 BEING ON. THE 
"INT ADR". WHICH WAS SENT BY THE INTERRUPTING DEVICE. 
AND LATCH INTO THE LOWER 74174 WHEN THE 74109 WAS SET. 
IS USED. NOTE THAT THE RESULT OF THIS SELECTION IS 
NOT ONLY SENT OUT AS THE "ION". BUT ALSO BECOMES THE 
HIGH-ORDER A-MEM ADORESS BITS (UNLESS THE SPECIAL 
FUNCTION "A-MEM APR" IS TRUE. WHICH FORCES THEM ZERO). 
AT THE RIGHT ARE TWO 74153«S WHICH SELECT THE LOW 
ORDER A-MEM ADR BITS FROM THE MI DEST FIELD. MI EXT. 
SRC. FIELD. OR THE AC-SEL REGISTER. BASEO ON THE 
SPECIFICATION IN THE MICRO INSTRUCTION. 

CFC2MI ~ SOME MORE MI BITS 

HERE ARE THE MICRO-INSTRUCTION REGISTER BITS WHICH 

ARE ON THIS CARD. AND TWO 93S48»S WHICH GENERATE 

THEIR PARITY. ALSO THE DRIVERS FOR THE EXT. SRC. 
BITS SENT TO THE BIT-SLICE BOARDS. j 

CFLT11 — LAMP DRIVERS 

OK. LAMP DRIVERS. 
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CFLT3 — DATA LIGHTS. REGISTER AND DRIVERS 

THIS DRAWING HAS THE 36-BIT REGISTER WHOSE OUTPUT 
GOES TO THE DATA LIGHTS <LAMP DRIVERS ATTACHED!. 
IT IS LOADED FROM THE OBUS EVERY 100 NANOSECONDS 
IF THE "SW LOOK AT OBUS" SWITCH IS ON. THIS ALLOWS 
LOOKING AT THE OBUS EVERY CYCLE WHEN SINGLE-STEPPING 
THE MICRO CODE. OR WHATEVER. WITH THE SWITCH OFF. 
THE REGISTER IS LOADED WHEN AN IOT IS GIVEN BY THE 
MICRO-CODE (STB SWl» . THIS ALLOW THE MICRO-CODE TO 
OISPLAY ONLY SELECTED DATA. FOR EXAMPLE. THE 
FUNCTION OF AN EXAMINE SWITCH CAN BE SIMULATED. 

CFSWO — DATA SWITCH SELECTORS. RESET 

AT THE LEFT ARE SIX 74365«S WHICH DRIVE THE DATA 
SWITCHES ONTO THE F-BUS DATA IIODI LINES WHEN THE 
APPROPRIATE IOT IS GIVEN ("ENBL IOD I SW L"). AT 
THE RIGHT IS THE POWER-RESET CIRCUIT ICONSISTING 
OF TRANSISTORS AND A SLOWLY-CHARGING CAPACITOR* ON 
A COMPONENT CARRIER. ITS OUTPUT IS LOW FOR A FEW 
SECONDS AFTER POWER COMES UP. THEN GOES HIGH. THIS 
IS "ORED" WITH THE CLEAR SWITCH. TO PRODUCE "RESET L". 
WHICH HAS LOTS OF DRIVE. 

CFLT4 — MORE LAMP DRIVERS 

MORE LAMP DRIVES. 

CFC3CN — BACK PANEL CONNECTIONS 

THESE SHOULD GET MOVED ONTO THE OTHER DRAWINGS. WHERE 
EACH SIGNAL IS USED. THEIR BEING HERE IS AN ARTIFACT 
OF THE WAY BACK-PANEL WIRE LISTS WERE GENERATED IN THE 
DARK AGES. 



CFIOCN^MOT DECODING. SOME MI BITS. MAP ENABLE REGISTER 

AT THE LEFT ARE THE OECOOERS WHICH DETECT THE SPECIAL 
IOTS (DEVICE AND 1» WHICH REFER TO CPU FUNCTIONS. 
THESE INCLUDE READING THE DATA SWITCHES. READING THE 
MAP OUTPUT AND ECC ERROR REGISTER. STROBING THE 
DATA LIGHTS. ETC. ABOVE IS A 74365 WHICH READS ION 
AN IOT) THE INTERRUPT ADDRESS FROM THE F-BUS. 

AT THE LOWER RIGHT ARE SOME MORE BITS OF THE 
MICRO INSTRUCTION REGISTER. AND THE 93S48 WHICH 
CALCULATES THEIR PARITY. ABOVE THIS IS THE 74175 
WHICH HOLDS THE "NO MAP" LEVEL (TURNS THE MAP ON 
AND OFF). AS WELL AS THE BITS WHICH ENABLE INTERRUPTS 
ON ARITHMETIC OVERFLOW. AND ECC ERRORS. THIS REGISTER 
IS LOADED BY AN IOT. AND CLEARED. TURNING OFF THE MAP 
AND DISABLING THE INTERRUPTS. BY RESET. TO ITS RIGHT 
ARE SOME GATES WHICH GENERATE THE "SI" AND "S4" ALU 
CONTROL SIGNALS. NORMAL (WHEN ALU D4 IS LOW» THESE 
COME DIRECTLY FROM THE CORRESPONDING BITS OF THE MI 
(EXCEPT THAT SI IS INVERTEO — A FACT COMPENSATED FOR 
BY THE MICRO-CODE ASSEMBLER). ALU 04 IS LOW FOR MOST 
ALU OPERATIONS. IT IS HIGH FOR THE SHIFTING OPERATIONS. 
WHICH ARE USED ONLY FOR THE DOUBLE-WORD SHIFTS. AND 
MULTIPLY AND DIVIDE. WHEN D4 IS HIGH. ALU S4 IS FORCED 
HIGH (THE OTHER FUNCTIONS ARE NOT USEFUL WHEN SHIFTING) 
ALLOWING THE "MI ALU S4" BIT IN THE MI TO BE USED TO 
SELECT WHETHER THE SI BIT COMES FROM THE SI BIT IN THE 
MI. OR FROM THE LOW-ORDER BIT OF THE Q REGISTER. THE 
EFFECT OF THIS IS THAT BY SPECIFYING THE CORRECT THINGS 
IN THE ALU FIELDS. THE ALU WILL ADD EITHER OR THE 
OATA INPUT TO THE AC. BASED ON THE LOW-ORDER Q BIT. 
SINCE A SHIFT IS ALSO PERFORMED, THIS IS EXACTLY THE 
FUNCTION NEEDEO FOR MULTIPLY. ANO ALLOWS IT TO PROCEED 
AT THE RATE OF ONE BIT PER MICRO-INSTRUCTION. 

CFSWI — CONSOLE SWITCH CONTROL 

THE CONSOLE SWITCHES COME IN HERE. THE STOP SWITCH 
IS OEBOUNCED (LEFT MIDDLE). ORED WITH THE ECC ERROR 
INTERRUPT AND ARITH. OVERFL. INTERRUPT. SYNCHRONIZED. 
ANO SENT TO THE DISPATCH LOGIC. WHERE IS CAUSES 
DISPATCHES TO GO TO LOCATION 4 OR 5, SO THE MICRO- 
CODE CAN HANDLE THE PROBLEM. THE OTHER CONSOLE 
SWITCHES (EXCEPT RESET). HAVE THEIR RISING EDGES 
DETECTED BY THE 7474* S. THE RESET SWITCH COMES IN 
DIRECTLY, NO EOGE IS DETECTED. EACH 7474 WILL BE 
SET BY THE RISING EDGE OF ITS SWITCH, SO THE SWITCHVE 
WILL HAVE TO BE RELEASED ANO PUSHEO AGAIN TO HAVE 
ITS EFFECT AGAIN. THE FLIP-FLOPS, AND RESET SWITCH, 
ARE OREO TOGHETHER TO PRODUCE AN INTERRUPT SIGNAL. 
IT IS SYNCHRONIZED. AND CAUSES AN NORMAL I/O TYPE 
INTERRUPT. AT THE BOTTOM RIGHT IS A 74365 WHICH 
DRIVES THE "INTERRUPT ADORESS" OF 1 ONTO THE INT-AOR 
LINES WHEN THIS INTERRUPT HAPPERNS. THE MICRO-CODE, 
WHEN GETTING ONE OF THESE INTERRUPTS. READS THESE 
SWITCHES WITH AN IOT ("ENBI. SW 100 L") TO TELL WHICH 
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«TCH WAS PUSHED. THEN MUST GIVE ANOTHER IOT 
T8 SW3»> TO CLEAR THE FLIP-FLOPS. SO THEY WILL 
BE SEEN NEXT TIME A SWITCH IS PUSHED. AND NOT 8EF0RE 
IEXCEPT RESET. WHICH WILL BE SEEN EVERY CYCLE*. 



